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FINAL REPORT - PHASE II SUPPLEMENT
Refurbishment Cost Study of the
Thermal Protection System of a Space Shuttle Vehicle
By D. W. Haas & V. M. Gerler - McDonnell Douglas Astronautics Company - East
SUMMARY
This report contains the results of Task II of the subject study which was
an extension of the Task I, Phase II, effort documented in NASA CR-I12034,
dated 1 April 1972. The purpose of the Task II effort was to identify the
labor costs and techniques associated with the maintenance of a bonded-on abla-
tor thermal protection system (TPS) concept, suitable for Space Shuttle appli-
cation, in a manner similar to that done for TPS concepts tested during Task I.
The objectives and scope of the extension work were identical with that per-
formed previously, except as noted herein. For purposes of brevity, many of
the detailed aspects of the overall test program are not repeated in this docu-
ment; the reader is therefore, referred to the basic report for more complete
information. Only those aspects of the Task I effort which are needed to sub-
stantiate the Task II effort have been repeated.
The baseline approach to TPS attachment proposed by MDAC for the Space
Shuttle Orbiter involves bonding reusable surface insulation (RSI) and/or abla-
tors to the structural skin of the vehicle. The RSI and/or ablators in the
form of either flat or contoured panels can be bonded to the skin of the pri-
mary structure directly or by way of an intermediate silicone foam rubber pad.
The use of foam rubber pads permits the use of buckling skins and protruding
head rivets on the primary structure, minimizing structural weight and fabrica-
tion costs. In the case of the RSI, the foam rubber pad serves as a required
strain isolator. For purposes of comparison, test data were obtained for an
installation with and without the use of a strain isolator. During Task I, the
refurbishment aspects of a bonded-on RSI concept (without a strain isolator)
were examined experimentally along with several externally removable panel con-
cepts employing both ablator and RSI TPS. The various concepts are compared in
this report.
The two most important aspects of the Task II effort were to:
(i) determine the scheduled and unscheduled maintenance costs and tech-
niques of the bonded-on ablator TPS concept and
(2) establish an inspection and certification plan to verify ablator
panel-to-substructure bond integrity.
Scheduled maintenance, as defined here, would involve i00 percent removal and
replacement of TPS panels associated with vehicle maintainability after the
vehicle has experienced its normal flight environment. Unscheduled maintenance,
on the other hand, involves partial removal and replacement of the TPSpanels
prior to flight-environment exposure. Those activities, which would affect
unscheduled maintenance include, but are not necessarily limited to, handling,
transportation, prelaunch operations, and aborts. It was not the intention of
this study to cite or analyze all the possibilities which might occur in the
maintenance of a vehicle's TPS, but rather to give enough basic information
concerning refurbishment so that the reader can understand his own particular
situations and formulate estimates of similar or related systems.
In verifying bond integrity, consideration was given to state-of-the-art
nondestructive evaluation (NDE)methods assuming:
(i) that access to the unprotected side of the vehicle structure could be
achieved and
(2) that access to the unprotected side of the vehicle structure could
not be achieved.
Static bonding tests were conducted to determine task duration and productive
times involved in verifying bond integrity as one approach to NDEinspection.
Scheduled removal and replacement task duration time and manpowerrequire-
ments of the bonded-on ablator TPSconcept in comparison with the TPSconcepts
investigated during Task I are provided in table i.
TABLE I
SCHEDULEDREMOVALAND REPLACEMENTCOMPARISON
TPS ATTACH CONCEPT
ABLATOR KEY/KEYWAY
ABLATOR PI-STRAP
ABLATOR MULTIPLE FASTENER
HCF KEY/KEYWAY
ABLATOR BOND-ON (WITHOUTSTRAIN ISOLATOR)
ABLATOR BOND-ON (WITHSTRAIN ISOLATOR)
HCF BOND-ON (WITHOUTSTRAIN ISOLATOR)
TASK DURATION
TIME
HR/M2 (HR/FT2)
0.492(0.046)
0.516(0.048)
0.527.(0.049)
0.764(0.071)
(1) 2.063(0.191)
(2) 2.894(0.346)
(1) 2.911(0.270)
(2) 4,200(0,390)
(1) 6.370 (0.592)
ACTIVE PRODUCTIVE
TIME
MHR/M2 (MHR/FT2)
0.753(0.070)
1.001(0.093)
1.173(0.109)
1.248(0.116)
4.406(0.409)
6.043(0.561)
6.032(0.561)
8.576(0.797)
10.954(1.018)
(1) DENOTES NON-WATER-BREAK FREE SURFACE
(2) DENOTES"WATER-BREAK" FREE SURFACE
These data represent a situation based on the assumption that the TPS has
gone through an entry environment which has rendered the heat shield assembly
not reusable, necessitating i00 percent replacement. In each concept noted,
the data are representative of the largest size panel tested. The term "water-
break" and "nonwater-break" free surface refers to the degree of cleanliness of
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the skin of the primary structure prior to bonding on the heat shield material.
Detail aspects of the subject are contained in the main text. In the case of
the ablator multiple fastener attach concept, the support panel, under
scheduled maintenance conditions, would remain on the vehicle. Access to
internal equipment in this instance would not be possible unless the support
panel was removed. In both the ablator pi-strap (so named for its _ shape)
and ablator and HCF key/keyway attach concepts, both the heat shield and the
support panel would come off the vehicle at the same time. The time required
to remove the heat shield from the support panel in these latter concepts is
not included, since this function would probably take place at a later time
and possibly at a different location. Either new or reconditioned TPS compon-
ents would be used for replacement in all cases. It should be noted that the
ablator key/keyway attach concept values are based on extrapolation of test
data, since this configuration was not tested in Task I of the program. Also,
values shown for the HCF direct bond approach were taken to be equal to one-
third of those shown for the unscheduled HCF direct bond approach.
Unscheduled removal and replacement task duration and manpower require-
ments of the bonded-on ablator TPS concept in comparison with the other TPS
concepts investigated during Task I are provided in table 2..
TABLE 2
UNSCHEDULEDREMOVALAND REPLACEMENTCOMPARISON
TPS ATTACH CONCEPT
ABLATOR MULTIPLE FASTENER
ABLATOR PI-STRAP --
ABLATOR KEY/KEYWAY
HCF KEY/KEYWAY
ABLATOR BOND_N _ITHOUT STRAIN ISOLATORi
ABLATOR BOND_N (WITH STRAIN ISOLATOR)
HCF DIRECT BOND
I
TASK DURATIC}N
TIME
HR_ 2 (HR/FT2)
0.549(0.051)
0.667(0.062)
1,474(0,137)
3.411(0.317)
(1) 2.594(0.241)
(2) 3.583(0.333)
(1) 3.556(0,331)
(2) 5,092(0.474)
(I) 19.110(1.776)
ACTIVE PRODUCTIVE
TIME
MHR/M2 _iPIR/FT 2)
1.237(0,115)
1.410(0.131)
2.152(0.200)
5.800(0.539)
5,662(0.526)
7.616(0.708)
7.499(0.697)
10.536(0.979)
32.861(3.054)
(1) DENOTES"NON-WATER-BREAK" FREE SURFACE
(2) DENOTES"WATER-BREAK" FREE SURFACE
These data represent situations in which a random TPS panel would be re-
moved and replaced prior to flight for one, or a combination, of the following
reasons:
damagehas occurred to the basic heat shield and/or support panel
access to internal insulation or equipment is required
damagehas occurred to TPSsupport structure.
The data cited above give the requirements for removing and replacing a
selected heat shield assembly surrounded by similar componentsof the same
design. The primary difference between the scheduled and unscheduled situa-
tions lies in the boundary conditions between panels at the time of removal and/
or replacement. In the case of the scheduled removal and replacement exercise,
successive removal of the panels is madeeasier by the elimination of one or
more edge constraints of the previously removedpanel. On the other hand, dur-
ing the unscheduled maintenance situation, panels must be removedor fitted in
place between adjacent panels (with all four edges of the panel coming into
play). Values shownfor the unscheduled ablator direct bond approach are '
approximately 25 percent higher than those shownfor the scheduled ablator
direct bond approach.
As in the case of the TPSconcepts investigated during Task I, the bonded-
on ablator concept was analyzed for a representative Space Shuttle configuration.
This analysis was parametric in nature and was based on the use life of a single
vehicle having a 100-flight life. That is, various use-life estimates of the
heat shield material and percentages of the vehicle TPSarea refurbished during
scheduled and unscheduled maintenance were assumed.
The results of the analysis show that average S/flight to refurbish a vehi-
cle employing a bonded-on ablator TPScan range anywhere from approximately
$88,600 to $127,800. Correspondingly, results of the Task I effort show that
the bonded-on RSI TPSconcept can range anywhere from approximately $14,800 to
$50,000 per flight. From the analysis it is evident that of the variables con-
sidered, heat shield material use-life is by far the most significant. Current
state-of-the-art ablators have, for the most part, a use-life of one flight.
However, if the ablator material does not experience temperatures above 672°K(750°F) it is assumedthat its use-life could be extended to i00 flights. The
current goal in the development of RSI is to have a use-life of at least i00
flights.
Comparisonof the bonded-on TPSconcepts with the externally removable
panel concepts, investigated in Task I, shows a marked distinction. Analysis
of these latter TPSconcepts, for the samevehicle configuration, shows the
maintenance labor costs to vary from $3,000 to $17,000 per flight. Thus, it
is clear from a maintenance labor point of view that the externally removable
TPSconcept is more cost effective than the bonded-on TPSapproach.
During the course of the Task II effort, various types of nondestructive
evaluation (NDE) techniques for establishing bond integrity were assessed,
including X-ray, acoustics, microwave, ultrasonics, acoustic emission,holography,
and proof loading. With the exception of X-ray, all other techniques provide
somepromise of establishing bond integrity. However, none of these methods
has been developed to the extent that it provides an absolutely positive NDE
approach. The most reliable method to date involves proof or static testing.
_
F
E
I
Since even this approach has some significant limitations, bond integrity veri-
fication currently represents a major NDE problem for the Space Shuttle TPS.
Therefore, much more extensive work must be done in this area on the part of
industry and the government to come up with a totally reliable technique(s) for
bond inspection.
Because of the above limitations, the quality assurance plan included in this
report is limited to external access bond verification by tensile testing of
process control coupons fabricated in parallel with the bonded-on ablator
panels. This, coupled with carefully executed and fully documented material
and process control, is considered to be the only available bond quality assur-
ance approach at this time. The in-process control method of bond certifica-
tion implements traceability and qualification of raw materials, proven state-
of-the-art fabrication, and bonding techniques.
INTRODUCTION
This document presents the results of Task II of NASA Contract NAS 1-10990
(Phase II) of the "Refurbishment Cost Study of the Thermal Protection System of
a Space Shuttle Vehicle" performed for the National Aeronautics and Space Admin-
istration - Langley Research Center (NASA-LRC) by the McDonnell Douglas Astro-
nautics Company - East (MDAC-E), St. Louis, Missouri. The results of Task I
are reported in NASA CR-112034, dated i April 1972.
The proposed baseline TPS for the NASA Space Shuttle Orbiter consists of
a reusable surface insulation (RSI) and/or ablator material bonded directly to
the skin of the primary structure. During Task I the refurbishment aspects of
a bonded-on RSI concept were examined experimentally on a full-scale mockup,
along with several externally removable panel concepts employing both ablator
and RSI TPS. To complete the data base, the contract was extended to determine
the operational costs and problems associated with the maintenance of a bonded-
on ablator concept. This document presents the results of that investigation
and compares them with the results obtained in Task I.
The test program conducted in Task II was similar to that performed in
Task I. Specifically Task II consisted of designing an aluminum sheet-stringer
structure to which various size ablator panels are bonded with a silicone
adhesive, fabricating required components for use on a full scale mockup,
monitoring specific maintenance task functions simulating operational procedures,
and evaluating these maintenance functions from both cost and technique stand-
points.
A critical parameter with the bonded-on ablator concept is verification of
bond integrity. Thus, a plan was generated for inspection and certification of
the ablative TPS after bonding to insure acceptable bond integrity. Considera-
tion was given to state-of-the-art nondestructive evaluation (NDE) methods
assuming
(i) access to the unprotective side of the aluminum structure could be
achieved and
(2) that access to the unprotected side of the aluminum structure could
not be achieved.
In addition static bonding tests were conducted to verify bond integrity and
estimates made as to the number and cost of such tests for an actual Space
Shuttle TPS.
Mr. D. W. Haas, Study Manager, was responsible for overall technical
direction of the study. In support of the study manager, other membersof the
McDonnell Douglas engineering staff included V. M. Gerler (Deputy Study Manager),
F. R. LeTrello, M. J. Snyder, W. Bennett, R. Fleck, W. E. Wehrend, and
J. R. Cadieux.
Mr. G. C. Olsen, of the Materials Division, Langley Research Center,
Hampton, Virginia, was the NASATechnical Monitor for the study.
The units used for the physical quantities defined in this report are
given in both the International Systemof Units (SI) and U. S. customary units.
Factors relating the units of these systems are given in reference 33.
OBJECTIVESANDSCOPE
The individual objectives of Task II were to:
design an aluminum sheet-stringer structure to which ablator panels
are bonded
design ablator panels using the samematerials and ablator composi-
tion used in Task I
select a material for adhesively bonding the ablator panels to the
aluminum structure
manufacture the aluminum structure and ablator panels
develop a "Maintenance Task Schedule" in the samemanner as those
prepared in Phase I (NAS1-10093)
develop a Test Plan including:
a plan for adhesively bonding the ablator panels to the
aluminum substructure
a plan for filling the joints between edges of adjacent panels
after bonding
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a plan for inspection and certification of the ablative TPS after
bonding to insure acceptable bond integrity
a plan for removing the ablator panels from the aluminum struc-
ture, includingcleaning the aluminum
implement the Test Plan on the NASA-LRC mockup, using the same docu-
mentation procedures employed in Task I
The experimental test program reported in Task I, Phase II, of NASA
CR-I12034 served as the baseline approach for the work performed during Task II.
The test program was limited to the investigation of bonded-on ablator panels.
The term ablator panel as applied herein refers to the combination of an elasto-
meric material in a phenolic glass honeycomb core. Ablator panel sizes were
limited to approximately 56 by 142 centimeters (22 by 56 inches), and 56 by 71
centimeters (22 by 28 inches). The aluminum substructure was flat and measured
approximately 152 by 178 centimeters (60 by 70 inches). Skin gauges and stiff-
ener spacing were consistent with those proposed by MDAC for the Space Shuttle
Orbiter Vehicle.
In general, the test program consisted of investigating various refurbish-
ment activities, concluded by a final layup of the test panels on the mockup
for display purposes. Individual tests covered initial installation of the
ablator panels on the aluminum substructure, performance of static tests to
verify bond integrity, removal of the ablator panels after charring under a
simulated thermal environment, cleaning and reconditioning the skin of the
substructure, and reapplication of new ablator panels to the substructure. The
ultimate objective of each test was to assess the individual maintenance task
functions in terms of number of manhours, elapsed time, equipment, and tech-
niques required to perform a specific refurbishment activity.
TPS ATTACH CONCEPT
The baseline approach to TPS attachment proposed by MDAC for the Space
Shuttle Orbiter involves bonding RSI and/or ablators to the structural skin of
the vehicle, as shown in figure i. The RSI and/or ablators in the form of flat
or contoured panels are bonded to the skin of the primary structure, either
directly or by way of an intermediate silicone sponge pad. The use of the
silicone sponge permits the use of buckling skins and protruding head rivets on
the primary structure, minimizing structural weight and fabrication costs. In
the case of RSI, the silicone sponge serves as a required strain isolator. Both
the direct bond and intermediate silicone sponge approach were investigated in
this study. The use of the silicone sponge is currently considered as Shuttle
baseline TPS by MDAC and is described in detail in subsequent text.
Prior to bonding, vehicle skins are thoroughly cleaned to provide a "water-
break" free surface which cannot be allowed to oxidize between final cleaning
and the first bonding operation. The term "water-break" free surface implies a
true wetting of the surface in which the water forms a film on the surface with-
out any breaks in the film or formation of beads. After the vehicle surface is
PANEL
STRAIN ISOLATO
PRIMARY STRUCTURE, BOND LINE
FIGURE 1 DIRECT BOND-ON ATTACH CONCEPT
cleaned, a thin coating of silicone primer is brushed or spray applied to the
structural skin. The primer is allowed to hydrolize for a period of time (time
depending on the relative humidity and temperature in the application area).
For the adhesive bond to be reliably effected, acceptable humidity and tempera-
ture conditions must be maintained to assure proper prime hydrolysis.
After acceptable cure, a thin layer of silicone adhesive is applied to the
primed surface with an automatic mixer/application head, which proportions and
(air-free) mixes the two components of the adhesive immediately prior to appli-
cation. Once the adhesive is applied to a given work area, the silicone sponge
is installed and held in position under a uniform pressure for a minimum of 24
hours to allow the adhesive to cure. The load can be applied mechanically or
by using differential atmospheric pressure.
Once the silicone sponge is securely bonded to the skin of the vehicle,
the same process of adhesive application is repeated to the outer moldline of the
silicone sponge for subsequent application of the ablator panels. After ablator
panel installation, a uniform pressure is then reapplied and held for the same
period of time as in the case of the silicone sponge installation. A vehicle
as large as the Space Shuttle Orbiter presents obvious manufacturing problems,
in that TPS installation will require extensive multilevel work stands. These
must enable placement of panels, as well as application of contact pressure
during adhesive cure.
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Other operational adhesive bonding systems which could affect installation
and replacement times are described below. It should be noted, however, that
such bonding systems are not commercially available at this time. Further
development of such systems would have to be accomplished before they become
applicable for Space Shuttle use. One option considers a calendered adhesive
that would be bought in film form, cut to shape, applied, and cured. Such a
film silicone material must be capable of storage for extended periods, must
not cure or set up in storage, and must cure at room-temperature. This probably
means that the material has a limited shelf-life and a requirement for storage
at temperatures below 25°K (0°F). Benefits of such a system would be ease of
adhesive application, better control of adhesive thickness (with resulting lower
weight), and increased confidence in meeting TPS target weight. Another bonding
option would be a composite adhesive/silicone sponge system. In this concept,
the silicone sponge would be procured with the required adhesive already applied
to one or both surfaces of the material. The adhesive/sponge system combination
would use either a pressure-sensitive adhesive or an adhesive that can be stored
for periods of time without curing. Benefits of this concept are that the two
bonds (structure-to-sponge and sponge-to-ablator panel) can be effected at one
time, adhesive thickness and weight can be accurately controlled, and fewer
operations to affect final bond are required.
One of the most critical problems surrounding TPS design and related main-
tenance concerns joints and seals between adjacent panels. In this area, incom-
patibilities exist. On the one hand, gaps between panels must be provided to
allow for normal panel expansion and contraction under environmental extremes.
Yet these same gaps have to be minimized, if not eliminated, to prevent the in-
flow of hot boundary layer gases and water. In the case of ablative TPS, the
problem is approached either by installing preformed elastomeric gaskets be-
tween panel edges or by caulking the gap with a silicone elastomeric-type
material.
MOCKUP CONFIGURATION
The full-scale mockup, shown in figure 2, used during Task I was also
used in Task II for attaching the panel support assembly (described in the next
section) while testing the direct bond-on ablator TPS concept. The direct bond-
on ab!ator panel support assembly was bolted to the transverse hat section
panel support beams of the mockup. As shown in the figure, tubular links, in a
post arrangement, support these beams and position the TPS panels at the mold-
line some distance from the basic mockup structure.
All test data, recorded in Appendix A, obtained during the program were
taken with the mockup positioned to simulate the bottom surface of a Space
Shuttle vehicle. Thus, all maintenance tasks were performed in an overhead
position. It was assumed that working in an overhead position would be more
FIGURE 2 MOCKUP CONFIGURATION
working on either the sides or top surface of the vehicle. Test results, there-
fore would be representative of the worst working conditions. However, if per-
sonnel are not allowed to walk on vehicle surfaces (i.e., top surface of wings)
but forced to work in a prone position from platforms extending across the sur-
face, the test data obtained may be somewhat optimistic. No manipulation of
the test data was made to account for this set of possible circumstances.
TPS DESIGN
The design effort associated with the direct bonded-on ablator TPS concept
consisted of preparing drawings defining all of the specific components to be
manufactured, and methods of attaching the assemblies to the mockup configura-
tion. The specific drawings generated include:
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Ablator/Panel Support Installation Assembly (64T020014) 3
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FIGURE NO.
Ablator/Panel Support Installation Assembly (64T020014)
The general arrangement selected, as well as the specific instructions for
attaching the ablator panel assemblies and the panel support assembly to the
mockup configuration, are defined in figure 3. As illustrated, the two differ-
ent size ablator panels, and the panel support assembly, were located on one
end (right side) of the mockup. Four of the large pi-strap attach ablator
panel assemblies installed in Task I were removed from this area and replaced
with the panel support assembly (64T020014), to which the direct bond-on abla-
tor panels were installed. After completion of the various maintenance tasks
associated with the refurbishment tests, one of the pi-strap attach panels was
reinstalled adjacent to the panel support assembly. Two wood moldings (figure
6) were attached for supporting the panel along the edge adjacent to the panel
support assembly.
The panel support assembly (figure 4) was attached to the mockup by
bolting it to hat section beams, with twenty-four AN3-3A bolts. The ablator
panel assemblies were then bonded to the panel support assembly with RTV 560
adhesive. As shown in figure 3, two large and two small ablator panels were
initially bonded to the panel support assembly. Section B-B shows that one of
the large panels was bonded to a silicone sponge strain isolator, which had been
previously bonded to the panel support assembly. The second set of ablator
panels were bonded on (after the first set had been charred and removed) by
interchanging the large panel (that was bonded to the strain isolator) with two
small panels.
The 0.46-centimeter (0.18-inch) wide gaps between the ablator panels were
filled with RTV-88 (General Electric) silicone compound. RTV-88, defined in
more detail in the "Ablator Panel Fabrication" section, is a two-part, room-
temperature-curing, dimethyl silicone compound.
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In addition, this drawing also specifies the requirements for static test-
ing the ablator panels to the panel support assembly bond. As illustrated in
sections D-D and E-E, two different techniques were employed for applying a pre-
determined load to the bonded areas. In one case, fittings (randomly located)
were bonded to the external surface of the ablator panel, while for the other,
eyebolts were threaded into inserts which were imbedded in the ablator panels.
For each technique, 4.75-centimeter (l.87-inch) diameter plugs were machined in
the ablator material, concentric with the fittings and the inserts. The depth
of these machined cuts were controlled to prevent damaging the sheet metal
structure.
Ablator Panel Support Assembly (64T020015)
The panel support assembly selected for simulating a portion of the Space
Shuttle's primary structure consisted of a thin skinned, stiffened aluminum
structure, shown in figure 4. The overall size of this assembly was 152.40
by 177.29 centimeters (60.00 by 69.80 inches). The O.127-centimeter (0.050-
inch) thick aluminum skin was manufactured in two sections and spliced together
using a butt joint, as illustrated in section A-A. The skin was chem-milled to
a thickness of 0.056 centimeters (0.022 inches) between the stiffener attach
areas. The 0.102-centimeter (0.040-inch) thick aluminum channels were riveted
to the skins and spaced 11.20 centimeters (4.60 inches) apart. Both flush head
and universal head rivets were used to attach the 16 channels to the skin. It
should be noted that the universal head rivets were used in the area where a
silicone sponge strain isolator was positioned between the panel support assem-
bly and the ablator panels.
Four 0.318 by 5.59 by 177.29-centimeter (0.125 by 2.20 by 69.80-inch) plates
were riveted across the channels, opposite the skins, to stiffen the assembly,
allowing normal handling techniques to be employed and preventing excessive
deflections.
Ablator Panel Assembly (64T020016)
The ablator panel assemblies, defined in figure 5, consists of a 5.1-
centimeter (2.0-inch) thick elastomeric-resin-filled honeycomb core assembly.
The honeycomb core is composed of 0.953-centimeter (0.375-inch) hexagon-shaped
cells, having a density of 35.24 kilograms per cubic meter (2.2 pounds per cubic
foot). The ablator material contains a mixture of phenolic microballoons and
silicone elastomeric resin, and is designated as NASA's 80/20 blend (i.e., 80
parts by weight of phenolic microballoons to 20 parts by weight of elastomeric
resin).
A total of eight panels were manufactured, four measuring 5.1 by 55.1 by 70.5
centimeters (2.0 by 21.70 by 27.74 inches) and four measuring 5.1 by 55.1 by
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141.4 centimeters (2.0 by 21.70 by 55.66 inches). Two of the small panels and
one large panel had the edges bevelled on one side. This was done to fair the
outer surfaces with adjacent panels that were installed without the strain
isolator.
In addition to the above panels, 12 narrow ablator panels 5.05 centimeters
(1.99 inches) wide were manufactured and subsequently bonded to the panel sup-
port assembly to simulate adjacent panels. Eight of these panels were 142.29
centimeters (56.02 inches) long, while the remaining four measured 35.00
centimeters (13.78 inches) in length .
Pi-Strap Ablator Panel Retainer (64T020017)
In order to retain the large pi-strap attach ablator panel adjacent to
the direct bond-on ablator panel support assembly redesigned panel retainers
were required. The two wooden panel retainers manufactured, which replaced
the ablator pi-strap assemblies along one edge of the panel, are shown in
figure 6.
Strain Isolator (64TO20018)
As stated previously, a strain isolator was positioned between the panel
support assembly and the ablator panels over approximately one-third of the
area. This 0.318-centimeter (0.125-inch) thick pad (figure 7) consisted of
a closed cell silicone sponge, designated as S-I05, manufactured by Raybestos
Manhattan. This material had a density of approximately 560 kilograms per
cubic meter (35 pounds per cubic foot). RTV 560 adhesive was used to bond the
strain isolator to the primed surface of the panel support assembly.
Static Test Fitting (64TO20019)
During the bond integrity evaluation phase of the test program, tensile
loads were applied to machined plugs in both the bonded-on ablator panels and
process control coupons (fabricated in-parallel with the bonded-on ablator
panels). Loads were applied to the machined plugs by means of aluminum
fittings, bonded to the exposed surfaces. The fittings are described in
figure 8.
Metallic/Ablator Panel Support Assembly (64TO20020)
Prior to attaching the panel support assembly to the mockup, the narrow
ablator panels, shown in figure 5, were bonded around the periphery of the
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panel support assembly, as shown in figure 9. As in Task I, these edge members
were used to simulate adjacent panels. The edge members were positioned so
that the distance between opposite edges allowed 0.46-centimeters (0.18-inch)
wide gaps between adjacent ablator panels and between the edge members and
their adjacent ablator panels. RTV 560 was used to bond the edge members to
the primed surface of the panel support assembly.
ABLATOR PANEL FABRICATION
The ablator panel assemblies fabricated were basically similar to hard-
ware panels fabricated in Task I, with the following exceptions:
assemblies were 5.1 centimeters (2.0 inches) thick instead'of 2.54
centimeters (I.0 inch) thick;
assemblies did not have a face sheet;
the honeycomb core was primed with a phenolic instead of a silicone
primer;
each panel was fabricated with an insert (static test plug) for later
NDE evaluation of bond integrity;
material evaluations were conducted to select adhesive and caulking
compounds;
no attach provisions were incorporated, since the panels were bonded
to the substructure.
Material Evaluations
Materials for adhesive priming, adhesive bonding, and caulking, intended
for use while installing the ablator panels on the mockup, were selected from
current state-of-the-art materials used in similar or related applications.
Adhesive.- The adhesives selected for evaluation (for subsequent bonding
operations) were room-temperature-curing silicone elastomers. These adhesives
have the most desirable handling, ease of cure, mechanical properties, and
high temperature capability characteristics. Adhesive selection was based on
parallel work being conducted on other related NASA programs, both at MDAC-E
and at other aerospace companies.
After a literature search, two adhesives were selected from a number of
candidates for further detailed investigation. These were Dow Corning's
DC 93-046 and General Electric's RTV 560. Both adhesives are two-part, room-
temperature-curing compounds. The DC 93-046, formulated from a dimethyl
silicone polymer, possesses excellent strength and elongation with a low-
temperature capability of approximately 219°K (-65°F). The DC 93-046 adhesive,
freshly catalyzed, is a tough, paste-like material which is difficult to mix
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or apply by hand. The paste-llke consistency of the material requires trowel-
ing, and its application time is considerably slower than that of the RTV 560.
The RTV 560 is formulated from a methyl-phenyl base silicone polymer contain-
ing iron oxide. The viscosity of this adhesive is considerably lower than
that of DC 93-046 and may best be described as being pourable and easily mixed
by hand. The methyl-phenyl polymer permits use temperatures down to 158°K
(-175°F), a desirable feature for Shuttle application because of the long cold
soak environments expected. The RTV 560 appears to be the current choice of
several contractors in the evaluation of adhesives for bonding reusable surface
insulation (RSI).
Primer.- Three primers were evaluated for conditioning the metallic sur-
face prior to bonding the ablators and strain isolators to the substructure.
Two were General Electric's SS 4004 and SS 4155, and the third Dow Corning's
DC 1200 primer. All three are current state-of-the-art silicone adhesive
primers. To effect an adequate bond to metal surfaces, all are dependent on
control of humidity at temperature for proper hydrolyzation. Most priming
operations were conducted at temperatures of 297 +3°K (75 +__5°F) with relative
humidities of 40 to 60 percent. In all cases the--primer cure followed the
temperature/relative humidity requirements specified by the manufacturer.
Initial bonding evaluations were conducted using DC 93-046 and RTV 560
in conjunction with the DC 1200 primer. Small 15.2 by 15.2 by 5.l-centimeter
(6.0 by 6.0 by 2.0-inch) ablator panels, containing NASA's 80/20 ablator mix
in 0.953-centimeter (0.375-1nch) hexagonal honeycomb, were bonded to aluminum
sheets. Prior to application of adhesive, the aluminum sheet was wiped clean
with methyl-ethyl-ketone (MEK) and primed with .0013 to .0025 centimeters
(.0005 to .001 inches) of primer. The primer was cured to the manufacturer's
primer cure schedule. Adhesive was applied both to the ablator and to the
primed aluminum sheets. The DC 93-046 adhesive took considerable time to apply
and, therefore, required thinning with 30-percent toluene in order to provide a
smooth coverage (brush _plied) on the ablator panel. On the other hand, the
DC 93-046 was applied without thinner to the aluminum sheets using a trowel.
Approximately .038 to .051 centimeters (.015 to .020 inches) was applied to
each surface.
The RTV 560, being of considerably lower viscosity, was easily applied to
the ablator and aluminum sheet with brush application techniques. Approximately
.025 to .038 centimeters (.O10 to .015 inches) was applied to each surface.
Both ablator test panels (i.e., with DC 93-046 and RTV 560) were cured for 24
hours at room temperature under deadweight pressure (shot bags) of approximately
4530 grams (i0 pounds). After curing, both panels demonstrated that the ablator
could not be separated from the aluminum sheet under substantial hand pull and
twist pressure.
The ease of mixing, fast application time, low-temperature capability,
and acceptable cure characteristics are decided advantages of the RTV 560.
Thus, it was decided that RTV 560 would be the adhesive used for all bonding
operations on the mockup.
Essentially, the same evaluations were conducted in bonding the silicone
sponge pad (strain isolator) to _he aluminum. The silicone sponge (closed
cell foam) manufactured by Raybestos-Manhattan is identified as S-I05 and has
a density of approximately 560 kilograms per cubic meter (35 pounds per cubic
foot). The S-I05 foam is formulated from a methyl-phenyl silicone resin, and
is the current MDAC choice for PSI strain isolation (in conjunction with RTV
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560 adhesive). Attempts to bond the strain isolator to the aluminum sheets
with DC 1200 primer and RTV 560 proved unsatisfactory. The bond was noted to
be inconsistently cured, exhibitng areas of tackiness and lack of adhesion.
It was felt that the primer may not have been adequate to effect the proper
bond. Also, the use of one manufacturerVs primer with another manufacturer's
adhesive was not desirable, although direct bonding the ablator to the aluminum
presented no problems.
Two additional primers were then evaluated, including General Electric's
SS 4004 and SS 4155. The SS 4004 primer (pink in color) relies on color hue
to determine proper film coverage. The SS 4155 (light blue in color) demon-
strates a w/litish film after hydrolyzing and provides a more positive indication
of cure. The SS 4004 requires very close visual observation to determine cure
and proper film coverage. Several test coupons of strain isolator and
ablator panels were evaluated using the SS 4004 and SS 4155 primers. A '_ater-
break" free surface was obtained on the aluminum sheet prior to priming. This
was done by scrubbing the aluminum sheet with nylon/silicon carbide abrasive
cloths (Bear-tex) and rinsing with deionized water. After wiping dry with clean
cheesecloth, the sheet was primed. In most cases the SS 4004 primer was unpre-
dictable. This was later attributed to a 'bad' lot of primer, as noted by the
supplier. The SS 4155 primer was recommended by General Electric, because it
provided a more consistent cure and a better method of visual coverage (hydroly-
zation) than the SS 4004. Several test coupons of strain isolator were bonded
with the RTV 560 using the SS 4155 primer. Results were generally good, although
one coupon did demonstrate poor adhesion. The SS 4155 primer was selected for
subsequent bonding operations.
Bonding of the strain isolator material (S-I05 silicone sponge) has been
inconsistent, even in applications with RSI. While all of the contributing
factors have not been identified, it is suspected that curing agent, foaming
agent residuals, silanols, and release agents within the foam are inhibiting
the bond cure. This material is being intensively evaluated by MDAC-E and the
manufacturer in an effort to identify all of the contributing factors and to
rectify them.
Caulkin$ Compound.- Two compounds were evaluated for caulking gaps between
ablator panels, Dow Corning's 90-006 and General Electric's RTV 88. The com-
pounds were selected initially on the basis of available literature and upon
recommendation of the manufacturer for the intended application. Both are two-
part, room-temperature-curing, dimethyl silicone compounds formulated with iron
oxide for high temperature use (up to 589°K (600°F)). Density of both materials
(cured) is 1480 kilograms per cubic meter (92.5 pound per cubic feet). The
manufacturer(s) recommended these materials primarily for their handling
characteristics (i.e., both compounds provide good extrusion and nonsag
caulking characteristics), particularly for overhead caulking operations.
Another desirable characteristic is that these compounds can be packaged in
small 227-gram (8-ounce) cartridges for rapid mixing at the operations
site without the need of cumbersone and time consuming mixing and cartridge
filling equipment. Each cartridge contains a measured quantity of resin_and
catalyst (curing agent), proportioned to allow approximately 2 hours working
time. A simple stroking procedure is used for mixing the two-part materials
within the cartridge. The cartridge is_then installed in a pneumatic Operated
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(plunger-type) gun with the plunger being trigger-actuated to extrude the mate-
rial. Several nozzles were evaluated in the course of the caulking operations.
Two sets of ablator test panels (approximately 15.2 by 15.2 by 5.1
centimeters (6.0 by 6.0 by 2.0 inches) were clamped to aluminum sheets with a
0.477-centimeter (0.180-inch) gap between ablator panels. Cartridges filled
with DC 90-006 and RTV 88 were used to caulk the gaps between these ablator
panels. Approximately 217 to 276 kilonewtons per square meter (30 to 40 pounds
per square inch) of air pressure were used to extrude the silicone compound
into the gaps. Both materials flowed well into the gaps, with the RTV 88
displaying slightly better flow and fill characteristics. The freshly caulked
panels were then inverted (caulking face down) and allowed to cure overnight
at room temperature. The RTV 88 displayed a more thorough cure (no soft spots)
after 24 hours. Several soft spots were detected in the DC-006; however, these
spots cured after an additional 6 to 8 hours curing time. The DC 90-006 pro-
vided an extremely tough cured product, more so than the RTV 88. However, the
RTV 88 was selected as the caulking compound, primarily because of the relative
ease of extrusion and fill characteristics. The low-temperature capability of
both candidate caulking compounds is approximately 214 to 208°K (-75 to -85°F),
based upon manufacturer's data. This would indicate a dimethyl silicone base
compound. In actual Shuttle use, a caulking compound with a lower temperature
capability (down to at least 150°K (-175°F))would be desirable. Since methyl-
phenyl silicone caulking compounds are not available as off-the-shelf compounds,
only the dimethyl silicone compounds could be evaluated within the time/cost
constraints of the program.
Preliminary Ablator Panel Fabrication Evaluation
Prior to fabrication of full-scale ablator panels, several processing
parameters required evaluation. These included:
primer processing - a phenolic primer was used instead of a silicone
primer for priming honeycomb
honeycomb filling characteristics of a 5.l-centimeter (2.0-inch)
thick panel when filling with the NASA 80/20 ablator mix
cure characteristics of the 5.l-centimeter (2.0-inch) thick ablator
panels
core splicing of the honeycomb
Previous work conducted with the NASA 80/20 ablator mix in the Task I effort
did not present any problems in mixing and blending; therefore, it was assumed
that the same processing conditions could apply equally well for manufacturing
the Task II ablator panels. Small test panels approximately 22.8 by 22.8 by
5.1 centimeters (9.0 by 9.0 by 2.0 inches) thick were processed using a 0.953-
centimeter (0.375-inch) hexagonal cell glass/phenolic honeycomb, primed with a
'B' stage phenolic resin, filled with the NASA 80/20 ablator mix, and cured
under vacuum bag at 394 to 400°K (250 to 260°F) for 8 hours. ('B' staging
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is an intermediate stage in the curing of a thermosetting resin. It occurs
while the resin is still soft or tacky.)
Four panels were made, with and without core splices. A two-slde filling
technique was used to fill the honeycomb cells with the freshly catalyzed NASA
80/20 ablator material. The core splice was a double cell crush splice, with
the splice length perpendicular to the ribbon direction. The phenolic resin
used to prime the honeycomb on two of the panels was cured ('B' stage) at 355
to 361°K (180 to 190°F) for 2 hours. The phenolic primer (i.e., Resinox SC-I008)
contains approximately 40 percent by weight of isopropyl alcohol. The other
two panels were primed with Sylgard 182 (wet _oated) prior to filling with the
NASA 80/20 mixture.
All panels cured satisfactorily at 394 to 400°K (250 to 260°F) under
vacuum bag for 8 hours. Panels primed with SC 1008 were lower in density (= 222
kilograms per cubic meter) (= 13.9 pounds per cubic foot) than the panels primed
with the silicone wet coat (= 253 kilograms per cubic meter) (= 15.8 pounds per
cubic foot)). No voids were detected by x-ray. After trimming, the panels were
bonded to a primed aluminum sheet (= 15_ centimeters (0.06 inches) thick) with
RTV 560 and cured at room temperature under a dead weight (shot bags) of approxi-
mately 4530 grams (i0 pounds). Bond integrity was excellent, with a cured bond
thickness of approximately 0.051 to 0.060 centimeters (0.020 to 0.025 inches).
The cure of a large panel 61.2 by 152.4 by 5.1 centimeters (24 by 60 by
2.0 inches) was attempted, using the process parameters established for the
small panels. The SC 1008 primer was selected because it was a simpler method
and produced the lowest density composite. This large panel did not cure. A
subsequent small panel using the same lot of silicone resin and phenolic
microballoons cured with no difficulty at 394 to 400°K (250 to 260°F). It
was judged that the mass of ablator material was the cause of the large panel's
failure to cure. A 61.2 by 61.2 by 5.1 centimeters (24.0 by 24.0 by 2.0 inches)
thick panel was fabricated and cured between 422 and 428°K (300 and 310°F) at
an arbitrary time of 4 hours. The panel cured approximately half way, top of
panel to midpoint, with the bottom half uncured. A post cure of 4 hours at
422 to 428°K (300 to 310°F) (without vacuum bag), with the panel 'soft'
(semicured) side up, cured the remaining part of the panel. Therefore, the
remainder of the large production panels (61.2 by 152.4 by 5.1 centimeters)
(24 by 60 by 2,0 inches) were processed in the same manner as the small test
panels, except that the cure temperature was set at 422 +_6°K (300 +_I0°F) for
8 hours.
Fabrication of Ablator Nondestructive Evaluation (NDE) Test Panels
Additional test panels were fabricated to evaluate bond integrity by NDE
techniques. •Three small test panels, 22.8 by 22.8 by 5.1 centimeters (9.0 by
25
9.0 by 2.0 inch) thick, were madeemploying the NASA80/20 ablator in glass/
phenolic honeycombusing the baseline process conditions selected from the
preliminary work. The ablator panels were bonded, with RTV560, to aluminum
sheets which were previously cleaned with MEKand primed with DowCorning
DC 1200. Bondedpanels were cured for 24 hours at room temperature under a
deadweight (shot bags) of approximately 4350 grams (i0 pounds). Bond thickness
did not exceed 0.05 centimeters (0.020 inches). These panels were static tested
as subsequently described in the Static Test Section. A larger test panel,
consisting of two ablator panels, 5.1 by 38.1 by 50.8 centimeters (2.0 by 15.0
by 20.0 inches), bonded to a single aluminum sheet, 0.081 centimeters (0.032
inch) thick was also fabricated as described above. The bonding operations
consisted of the conventional cleaning, priming, and adhesive application as
for the static test panels with the following exceptions, (i) controlled
defects (unbonds) were introduced into the bondline, and (2) a strain isolator
was included in the bond layup. One ablator panel was bonded directly to the
aluminum sheet with controlled defects in the bondline. The defects (unbonds)
were introduced at discrete areas by placing 0.013 centimeter (0.005 inch)
thick Mylar film discs, up to 10.2 centimeters (4 inches) in diameter on the
surface to be bonded. The other ablator panel was bonded to a 0.318-centimeter
(.125-inch) thick strain isolator which had been previously bondedwith RTV560
to the aluminum sheet. Controlled defects were likewise introduced into the
strain isolator during bonding operations. After a 24-hour cure at room
temperature, the ablator panel was bonded to the strain isolator pad with RTV
560, with controlled defects introduced again by Mylar film discs. The ablator/
strain isolator bond was cured under deadweight (shot bags) pressure. The
controlled defects panel was then submitted for NDEusing selected methods
detailed in the section "Nondestructive Evaluations."
Fabrication of Ablator Panel Assembly
The ablator panel consisted of NASA80/20 ablator material processed into
a glass/phenolic honeycomb. The honeycombwas 5.1 centimeters (2.0 inches)
thick and consisted of 0.953-centimeter (0.375-inch) hexagonal cells. Prior
to filling the honeycombmatrix, the honeycombwas spliced using a crush splice
technique, inserts were potted in place, and the cells primed with a phenolic
resin primer. The basic fabrication cycle for the ablator panels is depicted
in the processing flow diagram shownin figure i0. The tools, equipment,
and materials used in the fabrication of the ablator panels are listed in
appendix B.
Honeycomb Core Preparation.- The honeycomb was cut and double lap crush
spliced as shown in figure ii. After splicing, the core was cut, allowing
an additional inch in the width and length dimensions over the drawing require-
ments. Following cure, this excess material was trimmed off.
Inserts (for NDE testing) were potted into the honeycomb using an epoxy
potting compound in accordance with MDAC Specification 14022 after counter-
boring and trimming the honeycomb. The potted inserts were cured either for
26
F
[
P
I:
I •
[
SPLICE AND
PREFIT
HONEYCOMB
POT INSERTS
IN
HONEYCOMB
CLEAN
HONEYCOMB v
PRIME
HONEYCOMB
I,
]" :
I_,.i_
MIX
ABLATOR
MATERIAL MOLD PREP- ]
ARATION AND
HONEYCOMB
FILL
CURE
AND
TRIM
INSPECT
FIGURE 10 ABLATOR PANEL PROCESSINGFLOWDIAGRAM
FIGURE11 HONEYCOMBSPLICE AND POTTED INSERT RETAINER
27
i hour at 366 to 369°K (200 to 250°F) or at room temperature for 24 hours. If
room temperature curing was used, a post cure under heat lamps was conducted
for 2 hours at 339°K (150°F) (surface temperature), provided that there was
evidence of "softness" in the potting compound.
The honeycomb was racked and cleaned with TURCO wash per MDAC Specification
11321. The TURCO wash is a steam cleaning (spray) operation in which a commer-
cial alkaline cleaner (in water solution) is mixed with steam. The core was
thoroughly rinsed in demineralized water and dried in an air-circulating oven
for 2 to 2.5 hours at 339 to 350°K (150 to 170°F). After cleaning, the dried
core was wrapped in clean Kraft paper until ready for priming.
The cleaned honeycomb was immersed in a bath of phenolic resin primer
(i.e., Resinox SC 1008) and the honeycomb cells flushed with the primer. The
honeycomb was allowed to drain for 5 minutes over the primer pan and then
placed on dry, clean absorbent paper towels for an additional 5 minutes to
remove excess primer. The primed honeycomb was then suspended in an air circu-
lating oven and cured ('B' stage) at 355 to 361°K (180 to 190°F) for 2 hours.
After priming, the honeycomb was covered with clean Kraft paper until ready for
ablator filling operations.
Mixing the Ablator Material.- The ablator material (NASA 80/20 blend) used
in fabricating the ablator panels was identical to that used in Task I ablator
heatshield processing. It consisted of:
80 parts by weight - Union Carbide BJ0-0930 phenolic microballoons
20 parts by weight - Sylgard 182 resin (includes catalyst)
Dried phenolic microballoons (2 hours at 369 + 6°K (205 + 10°F)) were added
slowly and in small quantities to a Hobart mixer bowl which contained the pre-
scribed amount of catalyzed Sylgard 182 resin. Mixing in the Hobart was
accomplished at slow speed (= 45 to 50 rpm). After addition of all micro-
balloons, mixing was continued for an additional 20 minutes. During the mixing,
the temperature of the ablator material was checked periodically. If the
temperature increased above 300°K (80°F), mixing was stopped and the ablator
material allowed to cool below 300°K (80°F) before continuing the mixing
operation.
Mold Preparation & Honeycomb Core Fill Procedure.- The mold fixture used
for honeycomb fill and curing operations was basically identical to the molds
used in the Task I fabrication, except that the mold edge members, fabricated
from 2024-T3 aluminum, were of a height sufficient to accomodate the 5.1-
centimeter (2.0-inch) thick ablator. The L-shaped edge members were attached
to the base plate by means of high-temperature aluminized tape (figure 12).
The tape provided easy disassembly of the mold edge members during the two-
sided honeycomb fill operation. The outer sides of the edge members were taped
together with high-temperature glass/silicone tape. The assembled mold was
cleaned with MEK, wiped dry with clean cheesecloth, and treated with a mold
release agent (fluorocarbon dispersion). An aluminum caul plate, = 0.15
centimeter (0.06) thick, cleaned and treated with mold release agent was
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FIGURE 13 TROWELING OF ABLATOR MATERIAL OVER HONEYCOMB
installed in the bottom of the mold within the L-shaped edge members. The
primed honeycomb was then installed in the mold (over the caul plate).
Freshly mixed ablator material was troweled and screeded to a height of
6.4 to 7.6 centimeters (2.5 to 3 inches) over the top surface of the honeycomb,
as shown in figure 13. This material was then tamped into the honeycomb cells
with particular attention given to the areas of the honeycomb splice and the
edges of the mold. Additional material was troweled, screeded, and tamped into
the cells until firmly compacted. A burden of ablator material (approximately
0.25 to 0.38 centimeter) (0.i0 to 0.15 inch) was rolled smooth over the top of
the honeycomb cells using a metal tubular roller. Another clean, mold-release-
treated caul plate was placed over the top of the filled ablator panel.
After filling one side of the panel, two adjacent taped edge members were
removed from the mold. The ablator panel, sandwiched between two caul plates,
was removed from the baseplates. All loose ablator material was cleaned from
inside the mold. The ablator panel/caul plate sandwich was then rotated (bottom
side up) and repositioned in the mold. The bottom caul plate was gently pulled
out from under the ablator panel. The two edge members were then remounted.
The fill operation on the opposite side of the ablator panel was identical to
that for the first side. Troweling, screeding, tamping, and rolling were con-
tinued until the ablator material was firmly compacted into the honeycomb cells,
as shown in figure 14. A burden of approximately 0.51 to 0.64 centimeter
(0.20 to 0.25 inch) was rolled smooth over the top of the honeycomb cells.
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FIGURE 14 ROLLING OF ABLATOR MATERIAL
Curing Operation.- After the honeycomb was filled, three thermocouples
were installed in the ablator material. The ablator material was then covered
with a layer of glass release cloth, followed by a layer of glass breather
cloth. A 1.52-centimeter (0.60-inch) aluminum caul plate was then installed
over the glass release and breather cloth. The mold was then covered with a
layer of glass breather cloth, as shown in figure 15. Additional glass
cloth was layered around the side of the mold for improved evacuation of the
mold. A conventional Mylar film vacuum bag was installed over the entire
assembly, sealed, and vacuum leak-checked.
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FIGURE 15 APPLYING VACUUM BAG
Ablator panels were cured for 8 hours at 422 +_6°K (300 _+ 10°F) under a
vacuum bag pressure of 88.05 kilonewtons per square meter (26 inches of mercury)
(minimum) in an air-circulating oven. The panels were allowed to cool to below
322°K (120°F) before removal from the oven.
Trimmin$.- The panels were hand trimmed of burden (top and bottom) with
sharpened putty knives. Panels were then cut to the required surface dimensions
with a band saw following a template. The surface of the ablator panel was
smoothed down with abrasive cloth until the ablator material was flush with the
honeycomb core. Panels requiring an edge chamfer were ground and smoothed to
drawing requirements using abrasive cloth following a template.
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Repairs.- Where ablator panel surface and edge damage was incurred, repairs
were accomplished in accordance with the repair procedure defined in NASA
CR 112034.
Inspection.- Upon completion of processing, each panel was subjected to
inspection in accordance with the requirements of the engineering drawing. A
photograph of a completed 5.1 by 55.1 by 141.4-centimeter (2.0 by 21.70 by
56.66-inch) panel is shown in figure 16.
BOND INSPECTION AND CERTIFICATION
One of the objectives in Task II was to develop a plan for inspecting and
certifying the ablative TPS after bonding to insure acceptable bond integrity.
Consideration was to be given to state-of-the-art NDE methods assuming
FIGURE 16 ABLATOR PANEL
5.1 x 55.1 x 141.4 CM(2,0 x 21.70 x 56.66 IN.)
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(i) access to the unprotected side of the aluminum structure could be achieved
and (2) that access to the unprotected side of the aluminum structure could
not be achieved. A test plan for inspection and certification of the ablator
panels after bonding to insure acceptable bond integrity was developed. In
addition, static tests were to be proposed and employed to verify bond integ-
rity. This section of the report, therefore, gives the results of this
investigation.
Nondestructive Evaluation (NDE)
Our NDE investigation started with a literature survey (see references
and bibliography) to discern the various methods available for verifying bond
integrity. Secondly, these methods were compared and evaluated. Within the
time and cost constraints of the program, several of the methods were labora-
tory tested on subscale panels. Finally, conclusions and recommendations were
generated concerning the subject matter.
NDE Method Survey.- The various candidate NDE methods presently available
to detect voids, cracks, delaminations, moisture, unbonds, etc are given in
table 3. With the exception of the x-ray and microwave methods, all others
provide some promise of establishing bond integrity. Each of the methods listed
will require refinement for use in both in-process control and in refurbishment
evaluation. The status of each method for the determination of bond integrity
is discussed in the following paragraphs.
Radiography.- Radiography employs radio frequency energy in a wavelength
band which is orders of magnitude shorter than microwave. Since the wavelengths
involved are generally much shorter than the nuclei which comprise the materials
interrogated, we can not observe reflective phenomena. Absorption and
scattering are observed which are dependent upon the energy level (wavelength)
of the radiation used. The amount of energy transmitted through the sample may
be measured either with film or other types of sensors, such as scintillation
counters or x-ray sensitive vidicon tubes.
.TABLE3 CANDIDATE NDE METHODS
INSPECTION
METHOD
X-RAY
i
TYPE OF DEFECTS DETECTED
VOIDS CRACKS
X
DELAMINATIONS MOISTURE UNBONDS
ACOUSTIC X X X
MICROWAVE X X X X
ULTRASONIC X
ACOUSTIC EMISSION X
HOLOGRAPHIC X X X X
PROOF LOADING. X X
VISUAL X X
TWO-SIDE
ACCESS
REQUIRED
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The method allows us to measure such anomalies as adhesive voids or
variations in the density of the sample caused by voids or foreign inclusions.
In order to detect an unbonded condition, the energy must be transmitted tangent
to the bond line. Thus, radiography is ruled out for most applications to
unbonds in direct-bonded ablators. Geometry may allow tangential exposures in
some areas of the Shuttle structure, but film placement will, in most cases,
be geometry-limited to less than satisfactory locations.
Lopilato (i) and Oaks (2) report that the effort documented in reference
(3) was abandoned in favor of film radiography with image enhancement to provide
the required sensitivity. The enhancement technique used was to produce a con-
tact positive print on Kodabromide E-5, semimatte paper. It increased sensi-
tivity by a factor of two, which proved sufficient to detect rejectable voids.
Acoustic Methods.- Acoustic methods involve the illumination of the test
sample with acoustic energy in the audio range (i.e., 30-10000 Hz). There are
three basic methods of observing the interaction of this energy with the sample.
They are:
(i) Acoustic Reflection.- In the reflection method (sometimes referred
to as the pulse-echo method), we measure the amplitude of energy
returned from anomalies in the sample. Differences in acoustic
impedance at an interface (i.e., the product of material density and
acoustic_velocity) affect the degree to which acoustic energy is
reflected. Voids, such as an unbond, will cause more energy to be
reflected. This effect can be used to detect unBonds which are of
the same (or larger) order of magnitude as the wave length of the
impinging energy.
(2) Acoustic Through-Transmission.- The through-transmission method can
be likened to a "shadow-graph" method. The acoustic energy is
introduced at one face of the sample, while the intensity of the
energy transmitted through the sample is measured at the opposite
face. Due to the fact that a portion of the energy is reflected at
interfaces between substances of differing acoustic impedance, the
intensity of the energy arriving at the exit face is a function of
the anomalies existing within the sample. While this method measures
the same sort of anomalies as the reflection method, there is less
attenuation of energy within the sample, since the total path length
within the sample is less. The method is useful in detecting density
variations, voids, foreign inclusions, and unbonds.
(3) Acoustic Resonance.- The resonance method relies on the measurement
of the response of a test article to the impingement of acoustic
energy at various frequencies. Resonant frequencies will vary with
changes in article geometry, density, and homogeneity. By careful
control of those variables not of interest, we may relate resonant
responses to such anomalies as unbonds, voids, f_reign inclusions,
thickness, or density variations.
Acoustic techniques have been applied to low density materials in thick
( 5-centimeter (2-inch)) sections, bonded to metallic substrates, to detect
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unbonds, voids, and delaminations. This work, which has been successful to
limited degrees, is reported in the references cited. The requirement for a
foam coupler reported by Clotfelter (4,5) has been investigated by Tiede (6)
and shown to be unnecessary for use on low-density materials such as the NASA
80/20 ablator. This is attributed to a reduced degree of mismatch in acoustic
impedance between these materials and air.
These methods show promise for one and two sided detection of voids,
delaminations, and unbonds of TPS materials. A development effort is required,
however, to advance the method from the laboratory to practical use in both
production and in-service inspection applications. Equipment must be designed
and prototyped which will introduce the acoustic energy and measure its modifica-
tion by the test article. These modifications must then be correlated with
natural or artifical defects by means of carefully constructed calibration
standards, an effort which will be of significant magnitude.
Microwave Methods.- Microwaves (radio frequency energy in the gigahertz
(109 Hz) range) can be used to interrogate dielectric materials. The inter-
action of this energy with materials is closely analogous to that of mechanical
(acoustic) waves. Here, however, the key to the detection of anomalies is not
the difference in acoustic or mechanical impedance but in differences in the
dielectric constants (i.e., the refractive indices, the electrical conductivities,
and the scattering constants or loss tangents) involved. As in the case of the
acoustic method, we may measure the amplitude of reflected energy or, where no
electrically conducting (nondielectric) layers are interposed, we may measure
the amplitude of the signal transmitted through the sample. Additionally,
phase shifts in the returned signals contain useful information about the
characteristics of the materials being interrogated.
Microwave reflectometry (3,6-11) shows great promise for the detection of
voids, cracks, delaminations, and moisture content. The presence of a totally
reflecting, conductive substrate permits the application from the external
surface only. By selecting the appropriate mode (i.e., continuous wave, time
domain, or frequency domain), assessment of ablator anomalies is possible.
Rockowitz, et al, (3) report the detection of voids as small as 0.318 by
0.635 centimeters (0.125 by 0.250 inch) and density variations as little as
5 percent using a frequency of 69 GHz. Lucian, et al, (7) recommend the use
of K a band_ 25 to 40 GHz, but give no data in support of the recommendation.
Since defects must be greater in size than 1/2 wavelength to afford scattering
of the microwave energy, the minimum detectable defect diameter, d, must be
d =
where _ = wavelength of the medium
Thus, for a minimum detectable spherical defect of 0.l-centimeter (0.039 inch)
diameter, the required wavelength is 0.314 centimeter (0.124 inch), or a
frequency of about i00 GHz.
Microwave methods have been applied to the detection of voids, density
variations, cracks, moisture content, and unbonds in low density, dielectric
materials similar to the filled, phenolic honeycomb ablator panels. The unbond
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application, however, did not progress beyond the laboratory stage and would
require much further development. In view of the problems referred to in
references (i) and (12), further development does not appear warranted for
this application. Additional work does seem appropriate to develop methods for
measuring the other anomalies mentioned above.
Ultrasonics.- The ultrasonic method of NDE is similar to the acoustic
method discussed previously, the difference being the frequency or wavelength
involved. As discussed previously, the response of a material to mechanical
energy is dependent upon the relationship of the wavelength of the energy to the
size of the anomalies to be detected. Ultrasound (0.i to 40 MHz) is used in the
resonance, pulse-echo (or reflection), and through-transmission modes to detect
many types of material variations.
Considerable work has been done on bond examination using ultrasonic
resonance methods. Clemens, et al, (12, 13) report on the use of the Fokker
Bond Tester. Their work correlated cohesive bond strength for FM-47 adhesive,
as measured by instrument indications, with the results of destructive tests.
After extensive and careful correlation, they were able to predict cohesive
strengths with a satisfactory degree of accuracy. They make no claim, however,
of being able to measure adhesive bond strength, and point out that, in the
absence of any known method of adhesive bondNDE, strict process control and
proof testing must be relied upon. Extensions of this work with the Fokker
instrument (14-16) have confirmed earlier findings and have developed data for
other adhesives, (e.g., vinyl nitrile apoxy phenolic, FM i000, Redux 775,
Metlband 4021 and HT-424).
Lockyer (17) and others have reported results of ultrasonic velocity and
attenuation measurements and their relationship to bulk density, ultimate ten-
sile strength, and modulus of elasticity of thermal protective composites.
While these data have been taken on heat shield materials of a higher density
than the NASA 80/20 ablator, similar investigations using lower frequencies
(20 to 40 kHz) to accommodate the higher attenuation should produce data of a
similar nature.
A phase analysis approach to unbond detection is reported by Lopilato,
et al. (IB) The same method has been investigated and used by General Dynamics/
Fort Worth (19) and others with considerable success in appropriate applications.
The theory is well covered by Wood. (20) This approach requires that the acous-
tic impedance ratios (Z2/Z I) at the various interfaces be less than 1.0 to
produce the necessary phase shifts for significant results. Since the acoustic
impedance of air is less than that of the ablator panels and less than the
adhesive used, an unbond condition will cause a phase reversal of an ultrasonic
wave reflected from the air in the unbond back into the ablator. Currently
available instrumentation is theoretically capable of detecting this phase
reversal, but additional development is required to overcome the extremely high
ultrasonic energy absorption of the ablator material.
Preliminary MDAC-E investigations have confirmed the applicability of the
Fokker instrument to the detection of unbonds when applied from the internal
surface of the panels. Additionally, the Sondicator, utilizing dry-coupled
contact, low-frequency (25 kHz), ultrasound has been successfully demonstrated
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in our facility in the pulse-echo mode. Neither method, however, was success-
ful in locating unbondswhen applied to strain isolated panels. (21) Further
effort is required in this area and is proceeding as a companysponsored effort.
Acoustic Emission.- For many years, scientists have observed the emission
of stress waves by material undergoing plastic deformation. This energy is
emitted whether the deformation is in the micro- or the macro-range. One of
the earliest observations was described as "tin cry"; the audible sounds
emitted by tin during deformation. In recent years, refinements in observation
and recording techniques have shown that progressive yielding of a material under
stress can be detected and related to the integrity (among other qualities) of
the material involved. For example, micro-failure at a bond line can not only
be detected but, through the use of triangulation methods, can be located with
a high degree of accuracy. One promising feature of the method is its amenabil-
ity to on-board, or in-service, monitoring with permanently installed sensors.
Acoustic emission techniques show great promise for bond evaluation, but
have been little developed thus far. Work by Schmitz, et al (22-24) found this
method, when applied to bonds under stress, to be a reliable indicator of bond
quality. Proof loading to 90 percent of ultimate tensile strength gave repeat-
able indications of impending failure without degradation of bond quality. They
reported, however, that a development effort was required to achieve an easily
controlled method for stressing bonds.
The advantages of the acoustic emission method are:
(i) detection of weak bonds
(2) large structures can be interrogated without scanning
(3) useful for "before and after" evaluation such as in degrading
environment investigations.
Disadvantages are:
(i) bond line must be stressed
(2) difficult to locate poor bond in large structures. .(Subsequent
work by Dunnegan, Nortec, Battelle-N.W. and others (Z_) in flaw
location is well documented and largely overcomes this factor as a
deterrent.)
(3) operator-dependent, to some degree.
The National Materials Advisory Board (26) lists bond quality as a significant
problem area for NDE and urges work on acoustic emission studies to achieve
solutions.
Proof Testing.- As the name implies, proof testing involves the mechanical
loading of a part. Its interface with the science of NDE requires that the
loading be monitored in some fashion, such as by acoustic emission, to prevent
actual damage to the part under investigation. The method is important to the
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investigation of bond integrity because, without it, the current state of the
art is limited. Common NDE technology allows the measurement of cohesive bond
quality with an acceptable degree of assurance. On the other hand, there is no
known means of assessing adhesive bond quality short of the combination of NDE
and proof loading.
Hendrickson and Phelps (27) have reported the development of a proof
loading device which operates on the electromagnetic principle, and overcomes
most shortcomings of previously used methods. The approach is analogous to
that used for electromagnetic forming, but the driving pulse is shaped to
produce a tensile, rather than a compressive, force. By controlling the pulse
fall time and coil current, highly reproducible results are achieved. Tensile
levels of over 20,684 kilonewtons per square meter (3000 pounds per square inch)
can be achieved with a high degree of accuracy.
A major drawback to practical use of acoustic emission for bond evaluation
has been a suitable means of providing the required stress in a controlled
manner. It is felt that an investigation of acoustic signature variations
with bond quality should be undertaken, using a stressing approach similar to
that described above. This subject has been discussed with others working in
each field. (25, 28) They agree that the approach deserves investigation. The
method, however, requires internal access to the panel or part.
Holography.- Holography produces a three dimensional, sterographic view of
an object. Rather than recording an image as in conventional photography, the
process records the information produced by interference patterns formed by
the superposition of coherent light from a reference source and from reflection
by the object. The resulting hologram contains complete phase and amplitude
information and can then be used to reconstruct the view in a completely
natural and three dimensional fashion. The required coherent light is most
easily obtained from a laser source.
Holographic interferometry can take advantage of this phenomenon in three
modes of operation:
Real-time - The process hologram is mounted in the exact position in which
it was exposed and the object viewed through the hologram while it is
illuminated by coherent light. If the object is moved or deformed, the
change will be manifested by the appearance of fringes (light and dark
bands). The location and spacing of these fringes are a measure of the
motion or deformation of the surface.
Time-lapse (double exposure) - This mode is similar to real-time
interferometry except that two holograms are made on the same plate; one
with the object in its normal state and the other while it is being
stressed. The resulting hologram when viewed with coherent light reveals
a static fringe pattern from which microscopic surface deformations may
be measured.
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Time-averase - In this mode the object is stressed in a periodic fashion
(e.g., vibration). The hologram is exposed and, when viewed with coherent
light, the reconstructed image displays fringes which are a measure of
vibration amplitudes at its surface.
The reconstructed holographic images may be enlarged or reduced in scale by
viewing under illumination by light of a different wavelength than that by which
they were produced.
The holographic method shows promise for use on TPS. Subsurface defects
are manifested at the surface and produce fringe irregularities when the object
is stressed. The present MDAC-E program cited in reference (6) will investigate
the use of holographic interferometry to evaluate RSI for voids, cracks,
delaminations, and unbonds. The work is scheduled for late in the program;
thus, results are not yet available. The literature is devoid of references
to work of this nature. One manufacturer of holographic systems (29) reports
success in detecting bond defects in panels or cork, Teflon, and RTV bonded
to aluminum substrates. There is reason, therefore, for optimism concerning
the applicability of the method to honeycomb ablator panels. A feasibility
study is underway at this time.
Because the holographic method is relatively new, first being practically
applied in 1965, much further development will be required before the method
can leave the laboratory for routine shop or field application. Since displace-
ments in the order of the wavelength of light - approximately 5 x 10 -5 centimeter
(1.27 x 10-5 inch), small ambient vibration levels and slight changes in the
index of refraction of air in the optical path (e.g., that produced by thermal
convection currents) render the method unusable unless conditions are carefully
controlled.
Visual Inspection.- Visual inspection, within its obvious limitations, is
applicable and recommended by Dervy.(30) After achieving no success in detecting
heat shield bond defects using X-ray, sonic resonance, infrared, and microwave
methods, he developed a visual inspection method which may have merit. It
consists of leaving certain honeycomb cells unfilled until after the bonding
operation is completed. This allows the use of suitable optical equipment to
verify the bond condition around those cells. While this method relies on
sampling, it is believed to offer a valuable adjunct to the tensile testing of
the in-process control coupons. After bond quality verification, the empty
cells are filled with a repair ablator mix.
NDE Method Comparison and Evaluation.- Each of the NDE methods discussed
above has a possible place in the inspection and bond certification of the
bonded-on ablator panels. X-ray requires access to both sides of the panels.
Acoustic emission and ultrasonics may require two sided access unless provisions
are made for access through the ablator at various points in each panel for the
application of suitable transducers. Such access would permit obtaining acoustic
signatures from the substrate as the bond line is stressed. The introduction
of Lamb waves (31, 32) into the substrate through these access ports would provide
a reliable assessment of bond quality.
Depending upon the method of applying the necessary stress to the panels,
holography may or may not require access to both surfaces.
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Jinvestigation of bond integrity because, without it, the current state of the
art is limited. Common NDE technology allows the measurement of cohesive bond
quality with an acceptable degree of assurance. On the other hand, there is no
known means of assessing adhesive bond quality short of the combination of NDE
and proof loading.
Hendrickson and Phelps (27) have reported the development of a proof
loading device which operates on the electromagnetic principle, and overcomes
most shortcomings of previously used methods. The approach is analogous to
that used for electromagnetic forming, but the driving pulse is shaped to
produce a tensile, rather than a compressive, force. By controlling the pulse
fall time and coil current, highly reproducible results are achieved. Tensile
levels of over 20,684 kilonewtons per square meter (3000 pounds per square inch)
can be achieved with a high degree of accuracy.
A major drawback to practical use of acoustic emission for bond evaluation
has been a suitable means of providing the required stress in a controlled
manner. It is felt that an investigation of acoustic signature variations
with bond quality should be undertaken, using a stressing approach similar to
that described above. This subject has been discussed with others working in
each field. (25, 28) They agree that the approach deserves investigation. The
method, however, requires internal access to the panel or part.
Holography.- Holography produces a three dimensional, sterographic view of
an object. Rather than recording an image as in conventional photography, the
process records the information produced by interference patterns formed by
the superposition of coherent light from a reference source and from reflection
by the object. The resulting hologram contains complete phase and amplitude
information and can then be used to reconstruct the view in a completely
natural and three dimensional fashion. The required coherent light is most
easily obtained from a laser source.
Holographic interferometry can take advantage of this phenomenon in three
modes of operation:
Real-time - The process hologram is mounted in the exact position in which
it was exposed and the object viewed through the hologram while it is
illuminated by coherent light. If the object is moved or deformed, the
change will be manifested by the appearance of fringes (light and dark
bands). The location and spacing of these fringes are a measure of the
motion or deformation of the surface.
Time-lapse (double exposure) - This mode is similar to real-time
interferometry except that two holograms are made on the same plate; one
with the object in its normal state and the other while it is being
stressed. The resulting hologram when viewed with coherent light reveals
a static fringe pattern from which microscopic surface deformations may
be measured.
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Time-averase - In this mode the object is stressed in a periodic fashion
(e.g., vibration). The hologram is exposed and, when viewed with coherent
light, the reconstructed image displays fringes which are a measure of
vibration amplitudes at its surface.
The reconstructed holographic images may be enlarged or reduced in scale by
viewing under illumination by light of a different wavelength than that by which
they were produced.
The holographic method shows promise for use on TPS. Subsurface defects
are manifested at the surface and produce fringe irregularities when the object
is stressed. The present MDAC-E program cited in reference (6) will investigate
the use of holographic interferometry to evaluate RSI for voids, cracks,
delaminations, and unbonds. The work is scheduled for late in the program;
thus, results are not yet available. The literature is devoid of references
to work of this nature. One manufacturer of holographic systems (29) reports
success in detecting bond defects in panels or cork, Teflon, and RTV bonded
to aluminum substrates. There is reason, therefore, for optimism concerning
the applicability of the method to honeycomb ablator panels. A feasibility
study is underway at this time.
Because the holographic method is relatively new, first being practically
applied in 1965, much further development will be required before the method
can leave the laboratory for routine shop or field application. Since displace-
ments in the order of the wavelength of light - approximately 5 x 10-5 centimeter
(1.27 x 10 -5 inch), small ambient vibration levels and slight changes in the
index of refraction of air in the optical path (e.g., that produced by thermal
convection currents) render the method unusable unless conditions are carefully
controlled.
Visual Inspection.- Visual inspection, within its obvious limitations, is
applicable and recommended by Dervy.(30) After achieving no success in detecting
heat shield bond defects using X-ray, sonic resonance, infrared, and microwave
methods, he developed a visual inspection method which may have merit. It
consists of leaving certain honeycomb cells unfilled until after the bonding
operation is completed. This allows the use of suitable optical equipment to
verify the bond condition around those cells. While this method relies on
sampling, it is believed to offer a valuable adjunct to the tensile testing of
the in-process control coupons. After bond quality verification, the empty
cells are filled with a repair ablator mix.
NDE Method Comparison and Evaluation.- Each of the NDE methods discussed
above has a possible place in the inspection and bond certification of the
bonded-on ablator panels. X-ray requires access to both sides of the panels.
Acoustic emission and ultrasonics may require two sided access unless provisions
are made for access through the ablator at various points in each panel for the
application of suitable transducers. Such access would permit obtaining acoustic
signatures from the substrate as the bond line is stressed. The introduction
of Lamb waves (31, 32) into the substrate through these access ports would provide
a reliable assessment of bond quality.
Depending upon the method of applying the necessary stress to the panels,
holography may or may not require access to both surfaces.
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A 50.8 by 76.2-centimeter (20 by 30-inch) panel, shown in figure 17, was
fabricated as described in the "Ablator Panel Fabrication" section. Artifical
unbonded areas were introduced on each side of each bond line as indicated.
These were accomplished by placing O.012-centimeter (0.O05-inch) Mylar discs at
appropriate locations while bonding the ablator panels to the aluminum sheet.
One-half of the panel included a 0.318-centimeter (0.125-inch) silicone sponge
strain isolator. The other half was bonded directly to an aluminum sheet,
0.081 centimeter (0.032 inch) thick. The location of the Mylar discs with
respect to the various bond lines is described below and keyed to figure 17.
A. Top of bond line between the ablator and the strain isolator.
B. Bottom of bond line between the ablator and the strain isolator.
C. Top of bond line between the aluminum sheet and the strain isolator
(or the ablator, where the strain isolator was omitted).
D. Bottom of bond line between the aluminum sheet and the strain isolator
(or the ablator where the strain isolator was omitted).
Using both the Fokker Bondtester and the Model S-I Sondicator in the dry-
coupled contact mode, we were able to detect all unbonds in the area where the
panel was bonded directly to the aluminum. Neither of the instruments responded
to the unbonds in the strain isolated area, and both instruments required access
to the aluminum face of the panel. The Fokker instrument was Judged to give more
reliable indications and to be less susceptible to operator-induced false
indications.
UNBONDED
AREAS-
ABLATOR
PANEL
5.1 CM
(2.0 IN.) -_D
(4._N.) -J
"_ UPPER EDGE OF
PANEL
@°
BOND LINE
76.2 CM
(30 IN.)
ALUMINUM SHEET
FIGURE 17
,
STRAIN ISOLATOR
NDE ABLATOR PANEL
50. CM
(20 IN.)
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The Sondicator was used in its alr-coupled mode. A pitch-catch technique
from the ablator side was unsuccessful. Using the through-transmission setup
shown in figures 18 and 19, llne scans were made which detected all artificial
unbonds in the section of the panel without the strain isolator. The added
attenuation of the foam isolator exceeded the capability of the instrumentation.
Figure 20 shows the resulting scans. All three artificial unbonds, and some
apparently natural unbonds, are detected. With some modification, this equip-
ment and approach would be capable of characterizing bond defects in areas both
with and without a strain isolator.
The panel was sealed to allow its immersion in water. Ultrasonic C-scans
were performed from the aluminum face using the pulse-echo mode. The panel was
immersed for convenience only. In practice, proper fixturing would allow the
use of a bubbler and eliminate panel sealing and immersion.
Basically, the inspection parameters were selected to display a "ringing"
signal pattern which was established using the bare aluminum sheet extending
from under the bonded-on ablator. The signal pattern consists of multiple
echoes from the far side of the face sheet. Over bonded areas, the pattern is
severely damped. Scans were made at 2.25, 5, 15 and 25 MHz using search units
of varying focal lengths. All artificial unbonds were detected except those
associated with the bond line between the ablator panel and the strain isolator.
This is attributed to the high damping coefficient of the silicone sponge mate-
rial masking the defect responses. Typical scans made using a 15 MHz search
unit, pulsed at 2.25 MHz, are shown in figures 21 and 22. Note that the natural
unbonds appearing in the lower left in fiBure 21 correspond well with those
shown in figure 20.
The panel was radiographed using very high sensitivity, ultra fine grain
film (Kodak R) and low energy. The resulting radiograph showed, as expected,
no significant defects. The panel is currently undergoing a holography
feasibility study and further company sponsored work is planned.
Other than visual examination, no NDE method has yet proved effective
where access is available only to the ablator surface. Both ultrasonic immer-
sion pulse-echo and air-coupled low frequency examinations show correlation
with known artificial unbonds, except those associated with the bond line
between the ablator and the strain isolator. Both methods indicate natural
unbonds in the panel. Each has been shown feasible where access to the alumi-
num face may be obtained, and each has a good potential for use in production
inspection. The examination of bonds and of low density materials have each
been difficult NDE problems for many years. The solution to these problems by
certain NDE methods just described appear feasible based on laboratory experi-
mentation. However, the use of these methods on a large scale basis, such as
for Space Shuttle application, will require far more development and refine-
ment before they can become standard methods for bond verification and certif-
ication. The work being accomplished under NASA contract NAS 9-12180 (6) and
other on-going studies must be continued and intensified. We recommend that
NASA fund such work at a higher level.
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FIGURE18 SONDICATORSETUP FOR THROUGHTRANSMISSION
EXAMINATIONOF NDE TEST PANEL
FIGURE 19 CLOSEUPOF SCANNINGMECHANISMAND SONDICATORTRANSDUCERS
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EDGEOF PANEL(SEEFIGURE'17) !
..:. ;.....
1 IN. FROMiDGE • i i :! . _5.i CM
NATURALVOID -
i !ARTIFICIALDISBONDi:I.i
" II10.2CM DIA ;-
•5.1 CM(2 IN.)
NATURALVOID!-C:_
DISBOND
IN.) DIA
30.5(12)_
(14),
:i'L_: _;_. • ISOLATOR
VERYLITTLE SOUNDIS -
TRANSMITTEDTHRUTHE
SILICONEFOAM
FIGURE 20 SONDICATOR LINE SCAN OF NDE TEST PANEL
UPPER EDGE OF PANEL (SEE FIGURE 17)
• CIRCULAR AREAS DENOTE INTENTIONAL UNBONDED AREAS
• LIGHT AREASSIGNIFY UNBOND
FIGURE 21 ULTRASONIC C-SCAN OF NDE TEST PANEL (WITHOUT STRAIN ISOLATOR)
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UPPER EDGE OF PANEL (SEE FIGURE 17)
• CIRCULAR AREAS DENOTE INTENTIONAL UNBONDED AREAS
• LIGHT AREAS SIGNIFY UNBOND
FIGURE 22 ULTRASONICC-SCANOF NDE TEST PANEL (WITHSTRAIN ISOLATOR)
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Static Testing
As noted previously, one of the NDE methods currently under evaluation
in the aerospace industry to determine bond integrity for the direct bond-on
TPS panels, involves proof or static testing. Tests which develop bond
stresses of 1.76 kilograms per square centimeter (25 pounds per square inch)
are thought to be adequate for determining bond integrity. During Task II,
several static test concepts were investigated. Strength tests of two of these
concepts were conducted in the laboratory to aid in their evaluation. These
two concepts were later used in a time and motion study of the ablator panels
on the mockup. In addition, mechanical properties were determined for the
ablator material being considered. This section of the report, therefore,
describes the results of the laboratory screening studies and strength tests.
Bond Test Concepts.- The various bond test concepts investigated included
the insert, bonded-on fittings, suction cup, protruding honeycomb cells, and
cork screw techniques shown schematically in figure 23. All concepts inves-
tigated utilized NASA 80/20 ablator in a honeycomb core.
The "insert" concept consists of an aluminum insert potted in
the honeycomb core. The insert is not bonded to the substructure but is used
to load the ablator and test the ablator panel to substructure bond. After
the ablator panel is bonded to the substructure, a plug is machined in the
ablator panel with the insert at its center. To test the bond, a tool is
threaded into the insert and prescribed tension load is applied. After test-
ing, the tool is removed while the insert is left in the ablator. This is a
simple concept, but inserts of this type add weight to the TPS and provide
heat shorts to the structure.
The "bonded-on fitting" concept consists of an aluminum fitting bonded to
a plug machined in the ablator panel after the panel is bonded to the substruc-
ture. A tool is attached to the bonded fitting for strength testing. The
fitting is later removed either by severing the bond between fitting and abla-
tor panel or by heating the bond locally (or both). Removing the fitting
could be facilitated by placing small wires in the bond which are pulled to
cut the adhesive. This is a reliable concept which has the advantage of apply-
ing uniform stresses to the bondline; however, it has a disadvantage in that
the fittings have to be removed prior to flight.
The "suction cup" concept consists of applying a vacuum to pull on the
machined plugs. Differential pressure is probably difficult to achieve because
of ablator porosity, and the maximum differential pressure of 96.6 kilonewtons
per square meter (14.7 pounds per square inch) is not high enough to properly
test the bond.
In the "protruding honeycomb cells" concept the honeycomb cell walls
protrude beyond the ablator surface. Loads are applied to the cell walls to
determine the integrity of the ablator-to-structure bond. This concept has
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FIGURE 23 BOND TEST CONCEPTS
E
two disadvantages; the ablator panels are difficult to fabricate, and it would
be hard to apply uniform loads to the cell walls.
The "cork screw" concept consists of a cork-screw-type device inserted
into a cell of the honeycomb core, and then cutting the ablator loose from the
cell wall. This concept has two disadvantages; it is difficult to insert a
tool into one cell and cut the ablator loose from the cell wall, and the low
strength of the ablator would probably limit the applied load and the resulting
bond stress to low values.
The "insert" and "bonded-on fitting" concepts were selected for further
evaluation and are discussed in more detail later in this section.
Ablator Mechanical Properties.- Tensile tests were conducted to determine
mechanical properties of the NASA 80/20 ablator blend material with and without
honeycomb core. These tests were necessary for evaluating the merits of the
two selected static bond test concepts. It was assumed that since the honey-
comb core has a 1,379 kilonewtons per square meter (200 pounds per square
inch) tensile strength and modulus of 158,578 k_ilonewtons per_square meters
(23,000 pounds per square inch), the tensile properties of the ablator speci-
mens would approach these values. The full 1,379 kilonewtons per square
meter (200 pounds per square inch) tensile strength was not expected since the
ablator prevented good fillet action of the adhesive to the cells of the honey-
comb core. Cylindrical shaped specimens, 2.54 centimeters (i.0 inch) long by
3.18 centimeters (1.29 inches) in diameter, were tested at room temperature
with the test setup illustrated in figure 24. Aluminum loading blocks were
bonded to the cylindrical specimens with Scotchweld 2716 adhesive, with loads
applied to the aluminum blocks through universal Joints which assured that pure
axial ioadswere applied to the specimen@.
Specimen strains were determined by using two double cantilever clip-on
displacement gages, illustrated in figure 24. Strain gages were bonded to
the cantilever arms of the displacementgages. Displacement gages were cali-
brated by relating strain gage output to displacement of the cantilever arms.
The gages were clamped between knife edges attached to the aluminum blocks with
set screws. Gages were attached to two sides of each specimen to compensate
for differential strains due to specimen misalignment or nonuniform specimen
density. Gages were accurate to within ! 0.00076 centimeter/centimeter
(_ 0.0003 in/in).
Four tensile mechanical property tests were conducted including two on
specimens of the NASA 80/20 blend material alone and two on specimens having
the same material filled in honeycomb core having 0.953 centimeter (0.375 inch)
wide cells. Results of these strength tests are summarized in table 4. Ulti-
mate tensile strengths, strains at failure, and elastic moduli are listed along
with average properties. Tensile strength of the ablator material alone is
233 kilonewtons per square meter (33.9 pounds per square inch) and the modulus
is 17,926 kilonewtons per square meter (2600 pounds per square inch). As
expected,strength and modulus of the composite ablator and honeycomb core were
significantly higher than that of the ablator alone, being 896 kilonewtons per
square meter (130.0 pounds per square inch) and 234,420 kilonewtons per square
meters (34,000 pounds per square inch), respectively. These data indicate that
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ABLATOR TENSILE STRENGTH TEST RESULTS
SPECIMEN
NASA80_0
ABLATOR
BLEND
NASA80_0
ABLATOR
BLENDIN
HONEYCOMB
CORE
SPECIMEN
NUMBER
A
' B
AVERAGE
AVERAGE
DENSITY
Ki/_:3
(LB/FT3)
211.O
(13.2)
205.0
(12.8)
208.0
(13.0)
I,
284.0
(17.7)
250.0
(15.6)
268.0
(16.7)
ULTIMATE
TENSILE
STRENGTH
kN/m2
(LBIIN.2)
265
(38.5)
202
(29.3)
i
234
(33.9)
958
(139.0)
834
(121.0)
896
(130.0)
STRAIN AT
FAILURE
(PERCENT)
1.65
1.82
134
!0.45
,0.41
0.43
ELASTIC
MODULUS
kNr/rn'2
(LB/IN.2)
18,547
(2,690)
17,306
(2,510)
,!
17,926
(2,600)
233,041
(33,800)
235,799
(34,200)
234,420
(34,000)
the honeycomb core contributes considerably to the composite ablator/honeycomb
mechanical properties. Typical failed specimens are illustrated in figure 25.
Bond Tests.- Strength tests of the "insert" and "bonded-on fitting" con-
cepts were conducted to aid in the evaluation. Both concepts are illustrated
in figure 26. The test setup used to test three "insert" specimens is
illustrated in figure 27, while the test results are summarized in figure 28.
Specimen No. i failed at a low load because of a poor bond between the ablator
plug and substructure. Specimen No. 2 also failed at a low load because the
ablator was nonuniform and soft near the bondline. Specimen No. 3 failed at
the bondline at a load of 400 newtons (92 pounds) or 302 kilonewtons per square
meter (43.8 pounds per square inch). The failure stress is less than the
strength of the ablator/honeycomb core composite of 896 kilonewtons per square
meter (130.0 pounds per square inch) discussed previously. This is attributed
to the design of the specimen, which loads the bond in peel.
The setup for testing six "bonded'on fitting" specimens was similar to
that used for the "insert" specimens. Test results are summarized in figure
29. All specimens except Specimen No. 3 failed between the ablator and sub-
structure. The three adhesives used to bond the fittings to the ablator panels
included RTV 560, EC 2216 and EPON 828. Since the RTV 560 adhesive produced
the highest failure loads and was also the easiest to remove from the ablator,
it was selected for subsequent testing on the mockup at NASA-LRC.
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PLUG
DESCRIPTION
t
I---D1---I
- D2 -
(A) POORBOND
(B) SOFT ABLATOR MATERIAL
SPECIMEN
NUMBER
1 (A)
2 (B)
2.84(1.12)
2.84(1.12)
2.84 (1.12)
ULTIMATE
D2
CM(IN.)
5.02 (1.98)
5.02 (1.98)
5.02 (1.98)
BOND
AREA
CM2(IN.2)
13.55(2.10)
13.55(2.10)
13.55 (2.10)
FALLING
LOAD
N (LB)
240 (54.0)
276 (62.0)
409 (92.0)
TENSILE
STRENGTH
kN/m2
(LB/IN.2)
302 (43.8)
FIGURE 28 MACHINED PLUG TENSILE TEST RESULTS
(With Insert)
With the limited tests conducted on the "insert" and "bonded-on fitting"
concepts, both concepts were found to be feasible and neither concept had a
clear advantage over the other. The bonded fitting concept is lighter and
produces uniform stresses at the bondline. However, the insert concept
requires less time to test and reduces the possibility of having to repair the
ablator panels after testing. Both concepts were selected for the refurbish-
ment tests discussed in the next section.
Quality Assurance
None of the NDE methods described previously has been developed to the
extent that it provides positive NDE approach to establishing bond integrity.
Thus, bond integrity verification currently represents a major problem in the
development of a reliable Space Shuttle TPS. Much more extensive work must,
therefore, be done in this area by industry and the government to achieve a
reliable technique(s) for bond inspection and certification.
The most reliable bond verification method to date involves proof or
static testing. However, thls approach has some significant limitations. The
adequacy of proof testing the TPS on the vehicle, although demonstrated in
this study to be a feasible approach, is questionable since no statistical means
can be applied to determine the number of such tests which should be performed
per square meter (square foot) of surface area. During the test program, static
testing of machined plugs in the installed ablator panels showed, in most cases,
that the bond in the areas tested were adequate. However, subsequent removal
of the ablator showed large areas of disbond in regions immediately adjacent to
the areas tested. Thus, the current method of static testing on the vehicle
would be a matter of chance. Therefore static testing of machined plugs on the
vehicle is not recommended at this time.
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PLUG
DESCRIPTION
t _FITTING
--"- I i "-- (1.0 IN.) DIA
2.5 CM
I 1._ FAI LURE
ZONE
-"3
)IA3.18 CM
(1.25IN. 
ADHESIVE
RTV-560
SPECIMEN
NUMBER
FAILING
LOAD
N (LB)
489 (110.0)
400 (90.0)
ULTIMATE
TENSILE
STRENGTHAT
FAILURE ZONE
kN/m2 (LB/IN. 2)
965 (140.0)
793 (115.0),
356 (80.0)
ABLATOR/
STRUCTURE
BONDSTRESS
kN/m2 (LB/IN.2)
6617 (89.5)
_507 (73.6)
AVERAGE 445 (100.0) 879 (127.5) 562 (81.5)
3 (A) 53 (12.0) - -
EC 2216 4 356 (80.0) 703 (102.0) 450 (65.3)
450 (65,3)703 (102.0)AVERAGE
5
676 (98.0)343 (77.0)
EPON 828
400 (90.0) 789 (114.5) 505 (73.3)
6 285(64.0) 562 (81.5) 359 (52.1)
AVERAGE 432 (62.7)
E
(A) POOR BONDTO STRUCTURE
FIGURE 29 MACHINED PLUG TENSILE TEST RESULTS
(With External Fitting)
Because of the above results, the quality assurance plan described in
subsequent text for external access bond verification recommends tensile testing
of process control coupons fabricated in parallel with the bonded-on ablator
panels. This, coupled with carefully executed and fully documented material
and process controls, is considered to be the only available bond quality
assurance approach at this time. The in-process control method of bond
certification implements traceability and qualification of raw materials,
proven state-of-the-art fabrication and bonding techniques, and the fabrication
of in-process control coupons, which are fabricated in parallel with each pro-
duction run. Destruct and/or nondestruct test results of the in-process control
coupons is indicative of the bond integrity of the bonded-on ablative panels.
A typical quality assurance plan based on the above stated approach is as
follows:
Quality Assurance Plan (External Access Only)
A. Receive Raw Material From Vendor
i. Receiving Inspection checks material for obvious damage,
proper packaging and quantity. Verify that a copy of vendor
certification (including actual test data) accompanies each
shipment. A Receiving Inspection Operating Sheet (RIOS)
shall be initiated and processed for each shipment of
material. Traceability of material by lot number, batch
number, and purchase order number shall be maintained and
recorded on each RIOS.
2. Forward the raw material to the fabrication bond room,
accompanied by one copy of the vendor certification.
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. Forward the completed RIOS and one copy of the vendor
certification to the Quality Assurance Record Center (QARC)
for filing as a permanent record.
L.
L
E
B. In-House Qualification Testing of Raw Material by MDAC-E Bond
Room and Quality Assurance Laboratory
i. Each raw material shall be tested per applicable Quality
Planning Instruction Sheet (QPIS), implementing the require-
ments of the engineering drawing, Process Specification
(P.S.) or MAC Material Specification (MMS).
. Each QPIS shall provide complete material traceability,
actual test values of each specimen tested, test instruc-
tions, and rejection number of the rejecting document in
the event of a specimen failure.
3. The following tests will be considered during in-house
qualification.
o ablator - tensile strength and elongation, hardness
(shore "A"), density and thermal expansion
o primer/adhesive - lap shear and cure characteristics
o honeycomb core - bare compression dry.
C. Raw Material Storage
i. Store the qualified raw material in controlled storage (if
required) until ready for use.
D. Fabrication and Bonding
Each procedural operation shall be verified by inspection on
QPIS. All ovens, furnaces, and temperature and pressure control
systems shall be certified and shall have a current quality
assurance calibration tag affixed. All temperature recorder
sheets shall be attached to, and made part of, this inspection
and certification procedure. All variations from established
tolerances must be summarized on applicable rejection documents.
iI An in-process control coupon shall be fabricated in parallel
with each production panel or series of panels constituting
a production run.
MFG. SUPERVISOR INSP. DATE
. Manufacturing and inspection verify that enough qualified
raw material exists to fabricate quantities specified for
the production run.
INSP. DATE MFG. SUPERVISOR DATE
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Verify nesting the honeycomb core on a wire structure (for
adequate support) and prepare for TURCO cleaning per
PS 11321.
INSP. DATE
If the cleaned honeycomb core is not used immediately,
protect from dust by wrapping in wax-free Kraft paper+
INSP. DATE
Flush cleaned honeycomb with phenolic resin primer (SC 1008)+
Collect primer runoff in a clean, degreased primer collec-
tion pan. Reclaim primer immediately after honeycomb is
primed. Allow honeycomb to drain in pan for 5 minutes.
Place primed honeycomb on clean absorbent paper towels for
additional 5 minutes to remove excess primer.
INSP. DATE
Cure ('B'-stage) the primer honeycomb in an air-circulating
oven for 2 hours at 355 ° to 361°K (180 ° to ]O0°F).
RECORD CURE START TIME CURE COMPLETE TI_
INSP. DATE
After priming operations, cover honeycomb with clean Mylar
film until ready for ablator fill operations (not more than
8 hours after priming).
INSP. DATE
8. Position the primed honeycomb core in a mold fixture.
.
INSP. DATE
Weigh and mix the ablator materials (microballoons and
sylgard 182 resin).
INSP. DATE
i0. Fill the honeycomb core with the ablator mix.
ii.
RECORD FILLING START TIME FILLING COMPLETE TIME
INSP. DATE
Vacuum bag the filled ablative core and draw vacuum equal to
88.05 kilonewtons per sauare meter (26 inches of mercury)
(minimum). Check vacuumbag for leaks. +-After vacuum has
been achieved, cure the part at 422 ++6°K (300 + 10°F) for
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13.
8 hours. Vacuum and temperature shall be monitored o_ tape
recorder sheets during the entire cure cycle.
RECORD TIME VACUUM WAS ACHIEVED TIME OVEN WAS TURNED ON
TIME OVEN REACHED 422°K (300°F) TIME CURE CYCLE COMP.
INSP. DATE
Cool part to room temperature and remove from oven.
INSP. DATE
Machine the part to required thickness - reference appli-
cable drawing.
INSP. DATE
14.
15.
Trim the part to required dimensions shown on the applicable
drawing.
INSP. DATE
Radiograph part per MDAC P.S. 21206.3 using beryllium window
tube at lowest practical kilovoltage. Use ASTM Type i film
with no front screen. A copy of records required by MDAC
P.S. 21206 will accompany the part. Interpretation will
cover foreign inclusions, voids, density variation, cracks,
and core damage. Penetrameters are not required. The
interpreter's report will accompany the part.
INSP. DATE
REMARKS
i¸ :
16. Fill voids and/or repair the ablator as determined by x-ray
results.
INSP. DATE
NOTE: Items 17 through 23 apply to ablator panels that will
be bonded to the metal substructure with a strain
isolator installed between the ablator panel and
substructure.
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17. Clean the bond side of the strain isolator with isopropyl
alcohol and air dry for a minimumof one hour.
RECORDRYINGSTARTTIME
DRYINGCOMPLETETIME
INSP. DATE
18. At least 1 hour prior to bonding, lightly wipe the surface
of the ablator panel (side to be bonded only) with cheese-
cloth slightly dampenedwith isopropyl alcohol. Air dry.
Donot apply adhesive if there is strong odor of alcohol.
RECORDRYINGSTARTTIME DRYINGCOMPLETETIME
INSP. DATE
19.
20.
21.
22.
Using a clean, degreased (MEK)and dry stiff paint brush and
and/or metal spatula, apply approximately 0.013 to 0.025 centi-
meters (0.005 to 0.010 inches) of catalyzed RTV560 to the
strain isolator and to the cleaned side of the ablator panel.
INSP. DATE
Immediately bond the strain isolator to the ablator panel.
Apply 13.8 to 34.6 kilonewtons per square meter (2 to 5
pounds per square inch) pressure to the isolator during cure
cycle.
INSP. DATE
Cure the bonded assembly for a minimumof 24 hours at room
temperature. Do not attempt to remove excess adhesive with
solvent.
RECORDCURESTARTTIME CURECOMPLETETIME
INSP. DATE
After cure, trim excess adhesive from bonded assembly with
sharpened putty knife or razor blade-type scraper.
INSP. DATE
23. Inspect bonded assembly per engineering drawing.
INSP. DATE
Ii
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24.
25.
26.
Wipe metal substructure with MEK dampened cloth. Allow to
air dry.
INSP. DATE
Scrub the metal surface with nylon/silicon carbide abrasive
pads and water. Alternate scrubbing the surface
with clean abrasive pads and wiping with water soaked clean
cheesecloth until all oxide film and contamination are
removed. Change abrasive pads frequently. Continue
cleaning, using clean cloths until the wiping cloth shows
no removable contamination.
INSP. DATE
Rinse with deionized water. Check for "water-break" free
surface, If a "water-break" free surface is not obtained,
repeat the cleaning procedure starting with 25 above.
INSP. DATE
27. Dry clean surface with clean cheesecloth.
28.
29.
INSP. DATE
Apply silicone primer General Electric (SS 4155) with clean
paint brush or sprayer. Apply the primer in a uniform
coating over the entire surface to be bonded. Allow primer
to cure for minimum of 3-1/2 to 4 hours at a relative
humidity of 40 to 70 percent. Do not prime if relative
humidity is above or below these limits. Keep primed
surface clear and free from contaminants.
RECORD DRYING START TIME
DRYING COMPLETE TIME
RECORD ACTUAL RELATIVE HUMIDITY
INSP. DATE
At least i hour prior to bonding, lightly wipe the surface
of the ablator panel (side to be bonded only) or the strain
isolator with cheesecloth lightly dampened with isopropyl
alcohol. Air dry. Do not apply adhesive if there is
strong odor of alcohol.
RECORD DRYING START TIME DRYING STOP TIME
INSP. DATE
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30.
31.
Using a clean, degreased (MEK) and dry stiff paint brush
and/or metal spatula, apply approximately 0.013 to 0.025
centimeters (0.005 to 0_010 inches) of catalyzed RTV 560 to
primed metal and to the cleaned side of ablator panel or strain
isolator.
RECORD COMPLETION TIME
INSP. DATE
Within 30 minutes of applying adhesive position ablator panel
to adhesive covered metal surface per engineering drawing.
Apply 13.8 to 34.6 kilonewtons per square meter (2 to 5
pounds per square inch) pressure to panel during cure cycle.
RECORD TIME ABLATOR PANEL WAS POSITIONED
INSP. DATE
E.
32. Cure the bonded assembly for minimum of 24 hours at room
temperature. Do not attempt to remove excess adhesive with
solvent.
RECORD CURE START TIME CURE COMPLETE TIME
INSP. DATE
33. After cure, trim excess adhesive from bonded assembly
with sharpened putty knife or razor blade-type
scraper.
INSP. DATE
34. Inspect bonded assembly per engineering drawing.
INSP. DATE
35. Fill gap between the ablator panels with caulking compound.
INSP. DATE
Process Control Coupon Testing
1. Wipe static test fitting with MEK-dampened cloth.
air dry.
.
Allow to
INSP. DATE
Scrub the bonding surface of the static test fitting with
nylon/silicon carbide abrasive pads and water.
Alternate scrubbing the surface with clean abrasive pads
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and wiping with water soaked clean cheesecloth until all
oxide film and contamination are removed. Change abrasive
pads frequently. Continue cleaning, using clean cloths,
untilthe wiping cloth shows no removable contamination.
INSP. DATE
Rinse with deionized water. Check for "water-break" free
surface. If a "water-break" free surface is not obtained,
repeat the cleaning procedure starting with 2 above.
INSP. DATE
Apply a uniform coating of silicone primer SS 4155 to
fitting. Allow primer to cure for minimum of 3-1/2 to
4 hours at a relative humidity of 40 to 70 percent. Do
not prime if relative humidity is above or below these _+
limits ,_
• +
RECORD DRYING START TIME
DRYING COMPLETE TIME
RECORD ACTUAL RELATIVE HUMIDITY
INSP. DATE
At least i hour prior to bonding, lightly wipe the surface
of the process control coupon with cheesecloth lightly
dampened with isopropyl alcohol. Air dry. Do not apply
adhesive if there is a strong odor of alcohol.
RECORD DRYING START TIME DRYING STOP TIME
INSP. DATE
Using a clean, degreased (MEK) and dry stiff paint brush apply
approximately 0.013 to 0.025 centimeters (0.005 to 0.010 inches)
of catalyzed RTV 560 to the fitting and to the process control
COUpOn.
RECORD COMPLETION TIME
INSP. DATE
Within 30 minutes of applying adhesive, position fitting on
adhesive covered process control coupon• Apply 13.8to,
34.6 kilonewtons per square meter (2 to 5 pounds per square
inch) pressure to fitting during cure cycle.
RECORD TIME FITTING WAS POSITIONED
INSP. DATE
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8. Cure the bonded assembly for minimum of 24 hours at room
temperature.
RECORD CURE START TIME CURE COMPLETE TIME
INSP. DATE
9. Machine a 4.75-centimeter (l.87-inch) diameter plug in the
process control coupon, concentric with the bonded-on
fitting.
INSP. DATE
i0. Using a spring scale or equal, apply a tension load to each
fitting until failure occurs. Record actual load applied
and condition of bond failure.
REMARKS
INSP. DATE
F. Refurbishment Phase Fabrication and Bonding
i. Remove the charred ablator material from skin of structure.
INSP. DATE
2. Repeat Section D.
INSP. DATE
G. Refurbishment Phase Process Control Coupon Testing
i. Repeat Section E.
INSP. DATE
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Quality Assurance Plan (Internal & External Access).- In addition to the inspec m
tion plan described for external access, the internal face of each direct
bonded-on panel (applicable for panels without strain isolators only) shall be
inspected on 5.l-centimeter (2.0-inch) grid centers, using the Fokker
Bondtester with the 5410 probe. Calibrate on the setup standard and examine
the panel per MDAC P.S. 21233.2. Areas of indicated weak bond of over to be
determined _TBD)'centimeter (TBD inch) in major dimension and TBD centi_
(TBD inch) in minor dimension will be cause for rejection.
TEST PROGRAM
All of the refurbishment testing of the direct bond-on ablator attachment
concept considered in this program was conducted on the full-scale mockup
located at the NASA-LRC, Hampton, Virginia. These tests included installation
of ablator panels with strain isolators; installation of ablator panels without
strain isolators; caulking of the gaps between ablator panels; removal of
ablator panels after charring; replacing the charred ablator panels with new
units; static testing of cored plugs with external fittings; static testing of
cored plugs having inserts; and static testing of process control coupons. The
testing was performed from 12 April through 3 May 1972.
Synoptic descriptions of the various refurbishment tasks associated with
a particular maintenance function (removal, replacement, inspection, etc) are
listed in a series of tables in appendix A. These tables provide the actual,
as well as the estimated, productive (active) time, in manhours, required to
perform a specific maintenance task function. In addition to the foregoing,
video tape recordings were made to provide a pictorial summary of the actual
work effort required for the various refurbishment tasks.
L
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Testing Procedure
Test Documents.- Prior to conducting tests at NASA-LRC, MDAC prepared
Maintenance Task Schedules and Test Plans. The format used for these schedules
was identical to that used during Task I. This provided for real-time record-
ing of each task, as well as serving as a guideline for duties to be performed.
Completed forms for each series of tests conducted are contained in
appendix A.
Test Personnel.- The personnel involved in the testing represented the
disciplines of design engineering, maintenance engineering, and manufacturing.
Design engineering personnel directed the overall test program. Maintenance
task functions were performed by two manufacturing mechanics and one manufac-
turing inspector, while maintenance engineering monitored and recorded (video
taped) the various task functions.
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Monitoring Equipment.- The equipment used during the testing operation
was the same as that used during Task I, except that the 8-channel strip chart
recorder was not used. It was determined from the Task I studies that it was
less time consuming to refer to the Maintenance Task Schedules for the real-
time efforts for specific Refurbishment Tasks than it was to extract such
times from the strip chart recordings. Following is a listing of equipment
used:
video camera (Sony AVC-40OOA)
video tape recorder (Sony AV-5000A)
T-V monitor (Ampex 9)
5-channel electronic timer and event control box
The monitoring equipment was used to perform two separate functions: it
(i) provided video tapes in real time of all tasks, and (2) accurately timed
each step of each maintenance task.
The operation of the monitoring equipment required the full-time effort
of a camera operator as well as an event recorder operator.
Test Setup.- The test setup used during Task II, shown in figure 30,
enabled the event recorder operator to have full view of the mockup and the
working area surrounding the mockup. Thus, he could accurately time and
record the work effort of each particular member of the team for each test or
function.
The five-channel electronic timer, comprised of five separate counters,
provided real-time monitoring for each team member whenever that particular
team member was involved with a productive effort. The time accumulated on the
counters was then entered on the maintenance task schedules at the end of a
particular sequence or test. Each channel of the electronic timer was con-
trolled by a separate on/off switch on the event control box° This provided
for the individual activation or deactivation of each counter commensurate
with the productive effort of a team member.
The camera operator who made real-time video tape recordings of all work
efforts was also responsible for signaling the start of each step listed on the
maintenance task schedules.
The video camera was connected to the tape recorder. The camera/tripod
was mounted on a dolly to enable the camera operator to move over the general
area in front of the mockup, as necessary, to obtain good coverage of the
function being performed. The TV monitor received the video signal from the
video tape recorder and provided the camera operator with a quick-look evalua-
tion of the picture being recorded.
As indicated in figure 30, all panels were installed with the test
fixture rotated to simulate the bottom surface of a Shuttle vehicle with the
maintenance personnel standing on work platforms. The work platforms used
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A- EVENT CONTROL BOX
B - ELECTRONICSCOUNTERS
C - EVENT RECORDER
D - VIDEO CAMERA
E - VIDEO TAPE RECORDER
F - TV MONITOR
G - WORKPLATFORMS
H - FULL-SCALE MOCKUP
FIGURE30 TEST SETUP
during the tests were designed to provide satisfactory overhead-height working
conditions for 95 percent of the work force (per Maintainability Design Guide,
Report E501-10, McDonnell Douglas Corporation, dated 26 June 1970).
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Test Objectives.- The overall objectives of the test effort were to
resolve the uncertainties associated with the installation, inspection,
removal, replacement, and bond integrity evaluation of representative direct
bond-on ablator panels. Specifically, the objectives of each individual test
were :
Installation - Determine and resolve problems involved in the
initial and subsequent installation of ablator panels on the
vehicle, particularly with regard to handling, positioning,
bonding, and sealing of joints.
Inspection - Establish procedures and equipment requirements for
the inspection of the installed ablator panels before flight.
Removal and Replacement - Resolve the problems involved in
removing either damaged or flight-expended panels and replacing
them with new panels.
Bond Integrity Evaluation (Static Testing) - Determine bond
integrity by applying a load to plugs cored in the ablator panels
as well as in process control coupons.
Test Criteria.- In order that the testing be performed in as close to an
actual shop environment as practical, a set of conditions under which each test
would be run hadto be established. These include, but are not necessarily
limited to, the following:
all test personnel were required to wear white coats and white
gloves when handling ablator material to minimize contamination
all hand tools required for the maintenance task to be located
in the immediate work area, either in a tool box or on a work
bench
all special tools, such as saws, scales, air drills, etc, to be
located on the work bench
work stands arranged prior to the start of test
ablator panels unpacked and placed in a ready state prior to
the test where they were to be used (the actual time required to
unpack the ablators was not used in the data analysis since in
an operational environment the actual time required to perform
this simple task would vary considerably depending on storage
location)
performance time considered to be that time in which the parti-
cular personnel was actively participating in the test (waiting
or watching was not considered active time; however, getting or
setting up tools was considered active time)
no time allotted for writing up inspection discrepancies
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no time alloted for the cleaning of tools (brushes, scrapers,
etc) after completion of the individual step.
These conditions provided a common basis from which each test was conducted,
evaluated, and compared.
Each manufacturing test personnel had identifying numbers attached to the
back of his white coat. These numbers corresponded to the electronic timer
channels on which his productive time was measured. Total duration of a parti-
cular task or maintenance function was also recorded. The tests were video
taped on 1-hour rolls of tape. At the beginning of each new roll of tape an
identification card which had the test title and sequence reel number on it
was recorded. This was done to prevent any mixup in the tapes after the test
had been run. Once the monitoring equipment was ready and the identification
card had been taped, the camera operator would give the command READY and after
a few seconds START. On START, the event recorder operator would start the
task duration timer, and the other appropriate channel timers, depending on
which test personnel were actively participating.
Tests Performed.- The test program consisted of investigating the direct
bond-on ablator attachment technique and the various refurbishment functions
associated with installing and removing flat, constant thickness, panels. Two
bonding concepts were evaluated:
(i) direct bonding of ablator panels to a metallic panel support
(2) bonding of ablator panels to a strain isolator (silicone
sponge) which itself was bonded to the panel support.
An evaluation of bond strength was obtained by the static testing of
cored plugs in both bonded-on ablator panels and process control coupons.
Loads were applied to fittings that were externally bonded to the ablator
panels and to inserts that were internally imbedded in the ablator during the
manufacturing process. Refurbishment functions investigated included all tasks
associated with the initial installation, caulking, inspection, removal,
replacement (final installation), and bond integrity evaluation of the bonded-
on ablator panels.
Prior to bonding the ablator panels to the panel support, a trial fit was
made on the full-scale mockup. This trial fit permitted nondimensionally con-
forming panels to be modified to provide the desired fit between panels. A
specified gap between panels was required to permit injection of a silicone
RTV compound. The average longitudinal and lateral spacing between ablator
panels was 0.477 centimeter (0.180 inch). A total of eight TPS ablator panels
were used in the tests, including four 55.1 by 141.4-centimeter (21.70 by
55.66-inch) and four 55.1 by 70.5-centimeter (21.70 by 27.74-inch) panels.
The ablator panels were bonded to the panel support assembly, shown in
figure 31. The individual step-by-step procedure, including the tools
required to perform the individual tasks, is tabulated in the Maintenance
Task Schedules included in appendix A.
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FIGURE 31 ABLATOR PANEL INSTALLATION
A brief summary of the test sequence follows:
i. clean and prime panel support assembly
2. apply adhesive to approximately 1/3 of the panel support
assembly
3. Place strain isolator against the above area and support
same during the adhesive cure cycle.
4. Apply Adhesive to remainder of panel support assembly and
to the exposed surface of the strain isolator.
F_
E
E
!
t
i
t
t
!!
I ,
l'
r. ¸ _
!?:
f •
I /L
L ,
F
5. Apply adhesive to the ablator panels, install panels and
support same during the adhesive cure cycle.
6. Caulk all gaps between the ablator panels.
7. Remove panel support assembly (including the bonded-on
ablator panels) from the full-scale mockup.
8. Char the ablator using oxygen/acetylene equipment.
9. Reinstall panel support assembly on the full-scale mockup.
i0. Remove charred ablator from panel support assembly.
ii. Scrape strain isolator and adhesive from panel support
assembly.
12. Clean surface of panel support assembly to obtain "water-
break" free surface.
13. Repeat strain isolator and ablator panel installation
sequences.
14. Machine 4.75-centimeter (l.87-inch) diameter plugs in
each ablator panel. Bond fittings to each plug.
15. Locate imbedded inserts in ablator panels and machine
4.75-centimeter (l.87-inch) diameter plugs, concentric
with inserts.
16. Bond fittings to process control coupons.
17. Apply static load to each machined coupon; record results
on data sheet.
18. Remove fittings from ablator panels.
19. Repair ablator panels.
Test Data Results
i:ii:!
II
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This section presents a synopsis of the refurbishment test data given in
tables AI through AI3 of appendix A.
This synopsis is given in tables 5 through 12. Descriptions of the
various refurbishment tasks associated with a particular maintenance function
(i.e., initial installation, caulking gaps, inspection, static testing,
removal, and final installation) are presented in capsule form. For purposes
of comparison, these tables give the actual and estimated productive (active)
time, in manhours, required to perform a specific maintenance task function.
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In addition, the actual task duration of each individual refurbishment task
is given. More detail information (i.e., materials, tools, and equipment used,
and commentsas to the nature of specific refurbishment tasks) concerning the
results of a specific refurbishment task, can be obtained from tables A1
through AI3 of appendix A. The intent of this section of the report is solely
to present the basic data in the manner in which it was obtained. Manipula-
tion and analysis of the data to conform to specific operational possibilities
is discussed in the Refurbishment Analysis section.
Initial Installation.- The first series of tests involved the initial
installation on the mockup of two large 55.1 by 141.4-centimeter (21.70 by
55.66-inch) and two small 55.1 by 70.5-centimeter (21.70 hv 55.66-inch)
ablator panel assemblies. One of the large panels was installed with a foam
rubber pad (strain isolator) while the other was bonded directly to the
aluminum substructure. The difference in task duration and productive time
between these two installations is shown in table 5. Both of the small ablator
panel assemblies were installed without a strain isolator. The installation
results of these later assemblies are shown in table 6.
Caulkin$ Gaps.- Once the ablator panels were installed, the remaining
task to complete the initial installation was to caulk the gaps between panels
with a silicone elastomeric compound. The task duration and productive times
to accomplish this task are shown in table 7. For comparison purposes the
same data for the final installation at the end of the test program are also
given in this table. The average task duration and productive times to caulk
the gaps on a linear meter (foot) basis is 0.131 hour per meter (0.040 hour
per foot) and 0.319 manhour per meter (0.097 manhour per foot), respectively.
Inspection.- Upon completion of the caulking procedure, the entire
installation was visually inspected for dents, abrasions, pitmarks, and mis-
match. This function was performed by a fully qualified inspector; results
of which are shown in table 8.
Ablator Removal.- The entire TPS assembly (ablator panel/panel support
composite) was then removed from the mockup and exposed to a thermal environ-
ment in the NASA-LRC test facility. After the ablator had been charred, the
entire TPS assembly was remounted on the mockup and the removal cycle of the
ablator panels was begun. The results of the removal cycle are shown in
table 9. The removal cycle was considered complete when none or no more
than approximately 0.005 centimeter (0.002 inch) of adhesive remained on the
panel support assembly.
Ablator Replacement.- This function started with removing the residual
adhesive, remaining after the ablator removal function was completed, by
scouring the panel support assembly using nylon/silicon carbide abrasive
pads and water until a "water-break" free surface was obtained. After
proper cleaning another set of ablator panels were installed on the mockup for
subsequent static testing and final display purposes. The results of this
task are shown in table i0. In this instance the two small 55.1 by 70.5-
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TASK
NO. DESCRIPTION
1 (1)
8 (7)
9 (8)
10 (9)
11(10)
12(11)
13(12)
14(13)
15(-)
16(-)
17(-)
18(-)
19(-)
20(-)
21(-)
22(-)
23(-)
24(-)
26(-)
27(-)
28(-)
29(-)
30(14)
31(15)
32(16)
WIPEPANELSUPPORT(P/S)WITH
SOLVENT
2 (2) WIPEPROCESSCONTROLCOUPON(PCC)
WITHSOLVENT
3 TRIAL FIT STRAINISOLATOR
4 (3) SCOURPANELSUPPORT
5 (4) SCOURPROCESSCONTROLCOUPON
6 (5) INSPECTP/S FORWATERBREAKFREE
SURFACE
7 (6) INSPECTPCCFORWATERBREAKFREE
SURFACE
DRYP/S
DRYPCC
CHECKHUMIDITY
PRIMEP/S
PRIMEPCC
INSPECTPRIMERAPPLICATIONONP/S
INSPECTPRIMERAPPLICATIONONPCC
MIXADHESIVE
APPLYADHESIVETO P/S
APPLY ADHESIVETO PCC
INSPECTADHESIVEAPPLICATIONONP/S
INSPECTADHESIVEAPPLICATIONONPCC
INSPECTSTRAINISOLATOR
INSPECTSTRAINISOLATORFORPCC
BONDSTRAINISOLATORTO P/S
BONDSTRAINISOLATORTO PCC
INSPECTPRESSUREFIXTUREAND
VERIFYCURECYCLE
25(-) INSPECTPRESSURESETUPANDVERIFY
CURECYCLEFORPCC
REMOVEPRESSUREFIXTURE
REMOVEPRESSUREPLATE FROMPCC
INSPECTSTRAINISOLATORINSTALLATION
INSPECTSTRAINISOLATORINSTALLATION
ONPCC
INSPECTABLATORPANEL
INSPECTABLATORPANELFORPCC
TRAIL FIT ABLATORPANEL
( ) TASKNUMBERSAPPLYTO PANELWITHOUTSTRAIN
TABLE 5
TEST DATA
= TASKFUNCTION - INSTALLATION(INITIAL)
• HEATSHIELDTYPE - ABLATOR
• ATTACHCONCEPT - BONDED
• PANELSIZE - 55.1x 141.4CM
- (21.70x 55.66IN.)
ONEPANEL
WITHSTRAINISOLATOR
TASK PRODUCTIVETIME
DURATION (MAN-HOUR)
(HOUR) ACTUALESTIMATED
0.034 0.034 0.033
0.013 0.013 0.004
0.032 0.086 0.050
0.106 0.212 0.200
0.034 0,034 0.008
0.028 0.054 0.067
0.014 0.024 0.008
0.021 0.021 0.033
0.006 0.006 0.004
0.006 0.006 -
0.046 0.046 0.089
0.009 0.009 0.004
0.026 0.026 0.033
0.012 0.012 0.007
0.220 0.438 0.500
0.192 0.192 0.356
0.025 0.025 0.009
0.012 0.012 0.033
0.006 0.006 0.007
0.015 0.015 0.017
0.005 0.005 0,004
0.040 0.]21 0.133
0.014 0,014 0,008
0,020 0.020 0.017
0.011 0.011 0.007
0.034 0.069 0.050
0.003 0.003 0.004
0.011 0.011 0.033
0.006 0.006 0.007
0.018 0.023 0.033
0.005 0.005 0.004
0.014 0.038 0.600
"lli
ISOLATORDATA
ONEPANEL
WITHOUTSTRAINISOLATOR
TASK PRODUCTIVETIME
DURATION (MAN.,HOUR)
(HOUR) ACTUALESTIMATEC
0.034 0.034 0.033
0.009 0.009 0.004
0.164 0.302 0.200
0.028 0.028 0.008
0.026 0.051 0.067
0.008 0.016 0.008
0.016 0.016 0.033
0.006 0.005 0.004
0.007 0.007 -
0.033 0.033 0.089
0.006 0.006 0.004
0.021 0.021 0.033
0.008 0.008 0.007
0.015
0.006
0.014
m
m
0.021
0.006
0.041
m
m
0.033
0.004
0.600
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TABLE 5
TEST DATA (Continued)
ONE PANEL ONE PANEL
TASK
NO.
33(-)
34(-)
35(-)
36(-)
37(17)
38(18)
39(19)
40(20)
41(21)
42(22)
43(23)
44(24l
45(25)
46(26)
47(27)
48(28)
49(29)
50(30)
51(31)
-(32)
52(33)
53(34)
54(35)
55(36)
56(37)
57(38)
58(39)
59(40)
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WITHSTRAIN ISOLATOR
DESCRIPTION
CLEAN STRAIN ISOLATOR WITH ALCOHOL
CLEAN STRAIN ISOLATORON PCC
WITHALCOHOL
INSPECT STRAIN ISOLATOR FOR
CLEANLINESS
INSPECT STRAIN ISOLATOR ON PCC
FOR CLEANLINESS
CLEAN ABLATOR PANEL WITHALCOHOL
CLEAN ABLATOR PANEL FOR PCC
WITH ALCOHOL
INSPECT ABLATOR PANEL FOR
CLEANLINESS
INSPECT ABLATOR PANEL FOR PCC
FOR CLEANLINESS
MIX ADHESIVE
APPLY TAPE TO EDGESOF INSTALLED
ABLATOR PANELS
APPLY ADHESIVE TO STRAIN ISOLATOR
ON P/S (OR P/S)
APPLY ADHESIVE TO PCC OR STRAIN
ISOLATOR ON PCC
REMOVE TAPE FROMABLATOR PANELS
INSPECT ADHESIVE APPLICATION
INSPECT ADHESIVE APPLICATION ON PCC
APPLY ADHESIVE TO ABLATOR PANEL
APPLY ADHESIVE TO ABLATOR PANEL
FOR PCC
INSPECT ADHESIVE APPLICATION
INSPECT ADHESIVE APPLICATION
FOR PCC
INSTALL SPACERS
INSTALL ABLATOR PANEL
INSTALL ABLATOR PANEL ON PCC
INSPECT PRESSUREFIXTURE AND
VERIFY CURE CYCLE
INSPECT PRESSURESETUP AND VERIFY
CURE CYCLE FOR PCC
REMOVEPRESSUREFIXTURE
REMOVEPRESSUREPLATE FROM PCC
INSPECT ABLATOR PANEL INSTALLATION
INSPECT ABLATOR PANEL INSTALLATION
ON PCC
TOTAL
TASK
DURATION
(HOUR)
0. 031
0.005
0.013
0.007
0.026
0,005
0.009
0.003
0.208
0.024
0.134
0.008
0.012
0.010
0.004
0.080
0.013
0.007
0.004
m
0.104
0.011
0.016
0.012
0.035
0.006
0.019
0.006
1.850
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL leSTIMATEC
0.031 0.033
0.005 0.004
0.013 0.017
0.007 0.007
0.026 0.033
0.005 0.004
0.009 0.017
0.003 0.007
0.416 0.500
0.024
0.267 0.356
0.008 0.009
0.012
0.010 0.033
0.004 0.007
0.160 0.356
0.023 0.009
0.007 0.033
0.004 0.007
0.365 0.133
0.011 0.008
0.016 0.017
0.012 0.007
0.069 0.067
0.006 0.004
0.019 0.033
0.006 0.007
3.135 4.070
WITHOUTSTRAIN ISOLATOR
TASK PRODUCTIVE TIME
DURATION (MAN-HOUR)
(HOUR) ACTUAL ESTIMATED
0.031 0.031 0.033
0.005 0.005 0.004
0.013 0.013 0.017
0.007 0.007 0.007
0.258 0.512 0.500
0.023 0.023 --
0.106 0.211 0.356
0.023 0.042 0.009
0.018 0.018 -
0.013 0.013 0.033
0.004 0.004 0.007
0.105 0.210 0.356
0.017 0.034 0.009
0.013 0.013 0.033
0.003 0.003 0.007 ,
0.033 0.033 -
0.057 0.189 0.133
0.010 0.010 0.008
0.016 0.016 0.017
0.004 0.004 0.007
0.043 0.085 0.067
0.004 0.004 0.004
0.020 0.020 0.033
0.006 0.006 0.007
1.232' 2.110 2.774
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TASK
NO.
1
2
3
4
5
6
7
8
8A
TABLE 6,
TEST DATA
• TASKFUNCTION - INSTALLATION(INITIAL)
• HEAT SHIELDTYPE - ABLATOR
•ATTACH CONCEPT - BONDED
• PANELSIZE - 55.1x70.5CM
TASKDESCRIPTION
INSPECTABLATORPANEL_
INSPECTABLATORPANEL FORPROCESSCONTROLCOUPON(PCC)
TRIAL FIT ABLATORPANELS
WIPEPANELSUPPORT(P/S) WITHSOLVENT
WIPEPCCWITHSOLVENT
SCOURP/S
SCOURPCC
INSPECTP/S FORWATERBREAKFREESURFACE
REPEATTASKNO.6
REPEATTASKNO.8
9 INSPECTPCCFORWATERBREAKFREESURFACE
10 DRYP/S
11 DRYPCC
12 CHECKHUMIDITY
13 PRIMEP/S
14 PRIMEPCC
15 INSPECTPRIMERAPPLICATIONONP/S
16 INSPECTPRIMERAPPLICATIONONPCC
17 CLEANABLATORPANELS(2) WITHALCOHOL
18 CLEANABLATORPANELFORPCCWITHALCOHOL
19 INSPECTABLATORPANELSFORCLEANLINESS
20 INSPECTABLATORPANELON PCCFORCLEANLINESS
21 MIXADHESIVE
22 APPLYTAPETO EDGESOF INSTALLEDABLATORPANELS
23 APPLYADHESIVETO P/S
24 APPLYADHESIVETO PCC
25 REMOVETAPEFROMABLATORPANELS
26 INSPECTADHESIVEAPPLICATION
27 INSPECTADHESIVEAPPLICATIONONPCC
28 APPLYADHESIVETO ABLATORPANELS
29 APPLYADHESIVETO ABLATORPANELFORPCC
30 INSPECTADHESIVEAPPLICATION
31 ' INSPECTADHESIVEAPPLICATIONFORPCC
32 INSTALLSPACERS
33 INSTALLABLATORPANELS
34 INSTALLABLATORPANELONPCC
35 INSPECTPRESSUREFIXTUREANDVERIFYCURECYCLE
36 INSPECTPRESSURESETUPANDVERIFYCURECYCLEFORPCC
37 REMOVEPRESSUREFIXTURE
38 REMOVEPRESSUREPLATE FROMPCC
39 INSPECTABLATORPANELINSTAL.
40 INSPECTABLATORPANELINSTAL.ONPCC
TOTALi
21.70x 27J4!N_l,,
TASK PRODUCTIVETIME
DURATION
(HOUR)
0.021
0.007
0.019
0.024
0.008
0.161
0.035
0.031
0.105
0.029
0.005
0.013
0.004
0.008
0.041
0.003
0.014
0.006
0.028
0.008
0.015
0.009
0.235
0.030
0./16;
0.016
0.009
0.011
0.005
0.092
0.013
0.010
0.003
0.041
0.075
0.010
0.017
0.005
0.068
0.004
0.024
0.006
].384
(MAN-HOUR)
ACTUAL
'"0.02i'
0.007
0.036
0.024
0.008
0.288
0.035
0.062
0.210
0.056
0.009
0.013
0.004
0.008
0.041
O.0O3
0.014
0.006
0.028
0.008
0.015
0.009
0.466
0.030
0.231
0.029
0.009
0.011
0.005
0.184
0.022
0.010
0.003
0.041
0.219
0.010
0.017
0.005
0,137
0.004
0.024
0.006
2.368
ESTIM/_TED
0.017
0.004
0.600
0.033
0.004
0.200
0.008
0.067
0.008
0.033
0.004
0.089
0.004
0.033
0.007
0.033
0.004
0.017
0.007
0.500
0.356
0.009
m
0.033
0.007
0.356
0.009
0.033
0.007
0.133
0.008
0.017
0.007
0.067
0.004
0.033
0.007
2.758
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TABLE 7
TEST DATA
• TASK FUNCTION - CAULK GAPS
• HEAT SHIELD TYPE - ABLATOR
• ATTACH CONCEPT - BONDED
• PANEL SIZE - 55.1 x 70.5 CM(21.70 x 27.74 IN.) - (2 PANELS)
- 55.1 x 141.4 CM (21.70 x 55.66 IN.) - (2 PANELS)
• GAP SIZE - 0.46 x 5.08 x 955 CM (0.18 x 2.0 x 376 IN.)
!
I
TASK
NO.
TASK DESCRIPTION
INSTALL TAPE ADJACENT TO GAPS
MIX CAULKING COMPOUNDAND FILL GAPS
VERIFY CURE CYCLE
INSPECT FORVOIDSAND MISMATCH
REPAIR CAULKED AREA (LARGE PANEL
ONLY)
INSPECT REPAIRED AREAS
TOTAL
INITIAL INSTALLATION
TASK
DURATION
(HOUR)
0.247
0.926
0.026
0.035
1.234
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL ESTIMATEC
0.494
2.492 1.000
0.026 0.030
0.035 0.100
-- .. m
3.047 1.130
TABLE 8
TEST DATA
FINAL INSTALLATION
TASK
DURATIONI
(HOUR)
0.177
0.980
0.015
0.023
0.059
0.011
1.265
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL ESTIMATEE
0.355
2.580 1.000
0.015 0.030
0.023 0.100
0.059
0.011
3.043 1.130
• TASK FUNCTION -INSPECTION
• HEAT SHIELD TYPE - ABLATOR
• ATTACH CONCEPT - BONDED
• TOTAL AREA -2.65 METER2(29.0FT 2)
TASK
NO. TASK DESCRIPTION
VISUALLY INSPECT INSTALLED ABLATOR PANELS
TASK
•DURATION
(HOUR)
0.027
PRODUCTIVE TIME (MAN-HOUR)
ACTUAL ESTIMATED
0.027 0.025
I
i,
I
t
l,
centimeter (21.70 by 27.74-inch) ablator panels were installed with a strain
isolator whereas the two large 55.1 by 141.4-centimeter (21.70 by 55.66-inch)
ablator panels were bonded directly to the substructure.
Static Testing.- Times associated with static tests for verifying bond
integrity are shown in tables Ii and 12. Table ii gives the results of testing
four "insert" type plugs as noted in figure 26. A load of 15.9 kilograms (35
pounds) was applied to each plug, except the plug in the large panel, located
in the middle of the assembly, which failed at 7.2 kilograms (16 pounds). This
premature failure was due to a large unbonded area. The average task duration
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= TASK FUNCTION - REMOVE
• HEAT SHIELD TYPE - ABLATOR
• ATTACH CONCEPT - BONDED
• PANEL SIZES
TABLE9.
TEST DATA
- 55.1 x 70.5 CM(21.70 x 27.74 IN.)
- 55.1 x 141.4 CM(21.70 x 55.66 IN.)
TASK TASK DESCRIPTION
NO.
SAWSLOTS IN CHARREDABLATOR
REMOVECHARREDABLATOR
REMOVEADHESIVE AND STRAIN
ISOLATOR
REMOVEADHESIVE
INSPECT PANEL SUPPORT FOR
SCRATCHESAND RESIDUAL
ADHESlVE
TOTAL
ONE LARGE PANEL
(WITHSTRAIN ISOLATOR)
ill ilil J . i i .,,
TASK PRODUCTIVE TIME
DURATION (MAN-HOUR)
(HOUR) ESTIMATED
0.101
0,236 2.000
0.658 1.200
ACTUAL
0202
0.471
1.521
m
0.015 0.015
1.010
0.067
1_LARGEiPLUS 2 SMALL PANELS
(WITHOUTSTRAIN ISOLATOR)
TASK
DURATION
(HOUR)
0.197
0.169
m
1.043
0.019
2.209 3.267 1.428
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL IESTIMATED
0.393
0.338 3.000
2.528 1.200
0.019 0.083
3278 4.283
and productive time to perform each individual test was approximately two and
three minutes, respectively. When using the bonded-on-type fittings (figure 26)
to perform the static tests, either on the installed panels or process control
coupons, the results in table 12 were obtained. A load of 24.9 kilograms
(55 pounds) was applied to each plug machined in both the ablator panels and
the process control coupons, without failure. The average task duration and
productive times using the fittings installed on the panels were approximately
18 and 27 minutes, respectively. Of the four fittings installed, only three
were removed. Of these three, only two were repaired after testing. The test
data, shown in table 12, however (which were taken from table A-13) were
modified to include four fittings for all task assignments.
In like fashion the task duration and productive times for static testing
the process control coupons were ii and 17 minutes, respectively. It should
be noted that, although times are given for mixing the ablator repair material
(Task No. 27 of table 12), these values were not added to the totals since,
during a normal refurbishment, this material would be premixed and refrigerated
until ready for use.
REFURBISHMENT ANALYSIS
This section analyses the maintenance requirements and techniques associa-
ted with refurbishment of the bonded-on ablator panels. This analysis includes,
first, manipulation of the data presented in tables 5 through 12 to conform
to specific operational refurbishment situations that could be encountered in
maintaining an operational TPS. Secondly, these data are compared with similar
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TASK TASK DESCRIPTION
NO.
TABLE 10
TEST DATA
" TASK FUNCTION - INSTALLATION (FINAL DISPLAY)
• HEAT SHIELD TYPE - ABLATOR
• ATTACH CONCEPT - BONDED
• PANEL SIZES - 55.1 x 70.5 CM (21.70 x 27.74 IN.)
- 55.1 x 141.4 CM (21.70 x 55.66 IN.)
TWO SMALL PANELS
WITH STRAIN ISOLATOR
TASK
DURATION
(HOUR) ACTUAL
TWOLARGE PANELS
WITHOUT STRAINISOLATOR
PRODUCTIVE TIME TASK
(MAN-HOUR) DURATION
ESTIMATED (HOUR)
1 (1) WIPE PANEL SUPPORT (P/S) WITH SOLVENT 0.023 0.023
2 (2) SCOUR P/S 0.972 1.943
3 (3) INSPECT P/S FOR WATER BREAK FREE 0.018 0,034
SURFACE
4 (4) DRY P/S 0.018 0.018
5 (5) INSPECT P/S FOR SCRATCHES 0,018 0.015
6 (-) INSPECT STRAIN ISOLATOR 0.0]9 0,019
- (6) INSPECT ABLATOR PANELS - -
7 (-) TRIAL FIT STRAIN ISOLATOR 0.022 0.064
- (71 TRAIL FIT ABLATOR PANELS - -
8 (8) CHECK HUMIDITY 0.009 0.009
9 (9) PRIME P/S 0.036 0.036
10(10) INSPECT PRIMER APPLICATION 0.027 0.027
1](-) MIX ADHESIVE 0.185 0.366
12(-) APPLY MASKING TAPE 0.027 0,027
13(-) APPLY ADHESIVE TO P/S 0.114 0.227
14t-_ REMOVE MASKING TAPE 0.022 0.022
15(-) INSPECT ADHESIVE APPLICATION 0.010 0.010
16(-) BOND STRAIN ISOLATOR TO P/S 0.040 0.137
17(- ) INSPECT PRESSURE FIXTURE AND 0.019 0.019
VERIFY CURE CYCLE
18(-! REMOVE PRESSURE FIXTURE 0.029 0.059
19(-! INSPECT STRAIN ISOLATOR INSTAL 0.011 0.011
20(-) INSPECT SMALL ABLATOR PANELS 0.017 0.017
21{ -) TRIAL FIT SMALL ABLATOR PANELS 0.026 0.048
221- ) CLEAN INSTAL. STRAIN ISOLATOR 0.030 0.030
WITH ALCOHOL
23(-) INSPECT STRAIN ISOLATOR FOR 0.011 0.011
CLEANLINESS
24(11) CLEAN ABLATOR PANELS WITH 0.023 0.023
ALCOHOL
25(12) INSPECT PANELS FOR CLEANLINESS 0.013 0.0]3
26(131 MIX ADHESIVE 0.249 0.498
27(14) APPLY MASKING TAPE 0.044 0.044
28(15) APPLY ADHESIVE TO STRAIN 0.113 0.227
ISOLATOR AND P/S
29(16) REMOVE MASKING TAPE 0.010 0.010
30(17) INSPECT ADHESIVE APPLICATION 0.009 0.009
31(18) APPLY ADHESIVE TO ABLATOR PANELS 0.126 0.252
32(19) INSPECT ADHESIVE APPLICATION 0.010 0.010
33(20) INSTALL ABLATOR PANELS 0.126 0.378
34(21i INSPECT PRESSURE FIXTURE AND 0.019 0.019
VERIFY CURE CYCLE
-(22_ INSTALL SECOND LARGE PANEL
REPEAT TASK NO. (14)
REPEAT TASK NO. (15)
REPEAT TASK NO. (161
REPEAT TASK NO. (17)
REPEAT TASK NO. (18)
REPEAT TASK NO. (19)
REPEAT TASK NO. (20)
REPEAT TASK NO. (21) .-
35(23) REMOVE PRESSURE FIXTURES 0.052 0.]04
36(241 INSPECT ABLATOR PANEL INSTAL 0.032 0.032
0.033 0.034
2.000 1.245
0.067 0 -029
0.033 0.021
0.050 0.015
0.017
- 0.029
0.050
- 0.027
- 0.010
0.089 0.068
0.033 0.026
0.500
0.356
0-033
0.133
0.017
0.050
0-033
0.017
0.600
0.033
0.017
0.033 0.041
0.0]7 0-015
0.500 0.201
0.026
0.356 0.122
- 0.021
0,033 0.011
0.356 0.078
0.033 0.008
0.133 0.081
0.017 0,018
- 0-027
- 0-09]
- 0.016
- 0-010
- 0,092
- 0-00B
- 0.081
.- 0-018
0.067 0.067
0.033 0.023
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL ESTIMATED
0.034 0.067
2.491 0.400
0.054 0.133
0.021 0.067
0.015 0.050
0.045 0.067
0.080 1.200
0-010
0.068 0.178
0,026 0.067
TOTAL 2.526 4.791
TASK NO'S APPLY TO LARGE PANELS WITHOUT STRAIN ISOLATOR DATA
0.041 0.067
0.015 0.033
0.402 0.500
0.026
0.244 0.356
0.021
0.011 0.034
0.157 0.366
0.008 0.034
0.277 0.133
0.018 0-017
0.027
0,182 0,356
0,016
0-010 0.034
0,183 0366
0.008 0.034
0.277 0.133
0.018 0.017
0.134 0.133
0.023 0.067
5.739 2.559 4.942 4,909
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test data obtained for the TPS concepts investigated during Task I. Finally,
an evaluation is made of the maintenance techniques associated with various
operational situations.
TABLE 11
TEST DATA
• TASK FUNCTION - STATIC TESTING (INSERTS)
• HEAT SHIELD TYPE - ABLATOR
• ATTACH CONCEPT - BONDED
• NUMBEROF INSERTS- ONE PER PANEL (4)
TASK
NO.
1
2
3
4
5
TASK DESCRIPTION
INSPECT TOOL SETUP
MACHINE CYLINDRICAL PLUGS
INSTALL EYE BOLTS
APPLY STATIC TEST LOAD
_REMOVE EYEBOLTS ....
TASK
DURATION
(HOUR)
I
0.008
0.046
0J)13
0.020
0,008
TOTAL 0.095
PRODUCTIVE TIME (MAN-HOUR)
ACTUAL
0.O08
0.134
0.013
0.040
0.008
0.203
ESTIMATED
0.233
0.033
0.067
0.333
The possible operational refurbishment situations are best classified as
either scheduled or unscheduled maintenance. Scheduled maintenance, as defined
here, would involve i00 percent removal and replacement of TPS panels associated
with vehicle maintainability after the vehicle has experienced its normal flight
environment(s). Unscheduled maintenance, on the other hand, involves partial
removal and replacement of the TPS panels prior to flight. Activities which
would affect unscheduled maintenance include, but are not necessarily limited
to, handling, transportation, prelaunch operation, aborts, etc. As in the case
of Task I, it is not the intention of this report to cite or analyze all the
possibilities which might occur in the maintenance of a vehicle's TPS; rather,
there is enough basic information given concerning refurbishment to permit the
reader to evaluate his own particular situations and to estimate similar or
related systems.
Refurbishment Labor and Performance Requirements
Refurbishment manpower and duration performance time values quoted herein
represent the active times to perform specific maintenance task functions. To
obtain overall refurbishment manpower and elapsed time requirements, one must
add to these values such critical refurbishment-related items as procurement,
packaging, transportation, acquisition of tools and equipment, cure cycles,
idle times, and times to write dispositions. These items vary depending upon
the environment under which the task is performed, the type and skills of the
personnel involved, the logistics of the vehicle, the company involved and its
method of operation, etc. To consider all these factors was beyond the scope
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• TASK FUNCTION
• HEAT SHIELD TYPE - ABLATOR
• ATTACH CONCEPT - BONDED
TABLE 12
TEST DATA
- STATIC TESTING (BONDED-ONFITTINGS)
TASK TASK DESCRIPTION
NO.
1 (1){
2 (2)!SCOUR FITTINGS
3(3)I
4 (4)
5 (5)
6 (6) I
7 (7)
8 (-)
9(17)i
10(18){
11(8){
12(9)
13(10) i
14(11)!
15(12)
16(13) I
17(14)
18(15)
19(16)
20(19)
21(-)
22(-)
23(-)
24(-)
25(-)
26(-)
27(-)
28(-)
29(-)
30(-)
WIPE FITTING WITHSOLVENT
INSPECT FORWATER-BREAK FREE
SURFACE
DRY FITTINGS
CHECK HUMIDITY
APPLY PRIMER TO FITTINGS
INSPECT PRIMERAPPLICATION
SELECT AND MARK LOCATION FOR
FITTINGS
INSPECT TOOL SETUP
MACHINECYLINDRICAL PLUGS
CLEAN ABLATOR SURFACE WITH
ALCOHOL
INSPECT SURFACE FOR CLEANLINESS
MIX ADHESIVE
APPLY ADHESIVE TO PLUGS
APPLY ADHESIVE TO FITTINGS
INSPECT ADHESIVE APPLICATION
INSTALL FITTINGS
INSPECT PRESSURESETUP AND VERIFY
CURE CYCLE
REMOVEPRESSURESETUP
APPLY STATIC TEST LOAD
REMOVE FITTINGS
INSPECT FOR DAMAGE
REMOVE LOOSEABLATOR
WIPE REPAIR AREA WITH ALCOHOL
INSPECT AREA FORCLEANLINESS
MIX SYLGARD RESIN
MIX ABLATOR REPAIR MATERIAL
PRIME REPAIR AREAS
INSPECT PRIMEDAREAS
FILL REPAIR AREAS WITH ABLATOR
MATERIAL
INSPECT REPAIRED AREAS
SANDREPAIRED AREAS
INSPECT REPAIRED AREAS
TOTAL
31(-)
32(-)
33(-)
INSTALLED PANELS PROCESSCONTROL COUPONS
(4 FITTINGS) (3 FITTINGS)
TASKTASK
DURATION
(HOUR)
0.032
0.037
0.025
0.012
0.012
0.015
0.012
0.010
0.007
0.057
0.018
0.016
0.185
0.076
0.038
0.013
0.029
0.016
0.067
0.024
0.043
0.010
0.102
0.028
0.027
0.104
(0.225)
0.041
0,017
0.082
0.025
0.023
0.011
1.214
( ) TASK NO'S APPLY TO PROCESSCONTROL COUPONDATA
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL ESTIMATED
0.032 0.007
0.037
0.046
0.012
0.012
0,015
0.012
0.010
0.007 -
0.171 0.233
0.018 0.007
0.016 0.006
0.363 0.500
0.076 0.008
0.038 0.008
0.013 0.017
0.057 0.400
0.016 0.050
0.130 0.150
0.044 0.033
0.043 0.067
0.010 0.017
0.203 0.133
0.028 0.033
0.027 0.017
0.209 0.139
(0.449) (0.489)
0.041 0,033
0.017 0.017
0.082 0.167
0.025 0.017
0.023 0.167
0.011 0.033
1.844 2.259
DURATION
(HOUR)
0.026
0.042
0.021
0.013
0.009
0.015
0.012
0.010
0.066
0.016
0.015
0,195
0.019
0.018
0.008
0.036
0.016
0.015
0.055
m
I
0.607
PRODUCTIVE TIME
(MAN-HOUR)
ACTUAL
0.026
0.042
0.039
0.013
0.009
0.015
0.012
0.010
0.133
0.016
0.015
0.387
0.019
0.018
0.008
0.036
0.016
0.015
0.055
0.884
ESTIMATED
0.005
0.017
0.175
0.005
0.006
0.500
0.006
0.006
0.013
0.050
0.017
0.013
0.017
0.830
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of the current study. Several of these factors, however, are more apparent
than others and, therefore, were filtered into the analysis of a typical Space
Shuttle refurbishment example cited later in the report.
In the following paragraphs the various elements of the refurbishment
cycle, namely, initial installation, scheduled and unscheduled removal and
replacement, inspection, and bond integrity evaluation (static testing) are
discussed. Data for task duration time are stated in terms of hours per square
meter (foot) while the manpower requirements are given in terms of manhours per
square meter (foot).
Initial Installation.- Task duration and productive time requirements for
the initial installation of the ablator panels, including caulking of gaps, are
given in table 13. The table shows the initial installation of a small (55.1
by 70.5-centimeter (21.70 by 27.74-inch)) and a large (55.1 by 141.4-centimeter
(21.70 by 55.66-inch)) panel both with and without the use of a strain isolator.
Analysis of the data shows that installation of either size panel with a strain
isolator increases the task duration and productive times by approximately 38
percent over the installation without a strain isolator. Task duration and
productive times were increased by approximately 17 percent for installing the
small panels versus the large panels, for the case with and without a strain
isolator. To assist in visualizing these trends this data is presented in
bar chart form in figure 32. Prior to installation of the ablator panels, the
aluminum substrate was thoroughly cleaned to provide a 'Water-break" free sur-
face. The degree of difficulty in obtaining a "water-break" free surface is,
of course, dependent on the initial condition of the surface at the time of
bonding. The difference in obtaining a "water-break" free surface initially
versus one which has had adhesive applied to it is evident in comparing the
data of table 13 with those shown in table 14.
Scheduled Removal and Replacement.- Scheduled removal and replacement task
duration and performance time requirements for the small and large ablator
panels with and without the use of a strain isolator are given in table 14.
The table also makes a comparison between a situation in which the aluminum
structure has a "water-break" free surface versus one which has some residual
adhesive remaining prior to replacement.
The data presented in these tables assume that the TPS has gone through an
entry environment after which the ablator panels are not reusable and must be
replaced with new units. In order to obtain a representative refurbishment
situation, the ablator panels underwent a simulated thermal environment to
develop a significant char layer. The removal cycle was considered complete
when none or no more than approximately 0.005 centimeters (0.002 inches) of
adhesive remained o_ the panel support assembly.
As noted, the task duration and performance times to remove the large
panels was approximately the same as that to remove the small panels. However,
it took about 35 percent more time to remove the panels with the strain
isolator than without the strain isolator. This increase in time is primarily
due to cleaning around the universal head rivets that were located in the area
having the strain isolator, whereas flush head rivets were located in the area
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TABLE 13
ABLATOR DIRECT BOND-ON ATTACH CONCEPT
Scope: Initial Installation
FUNCTION
INITIAL
INSTAL.
PANEL SIZE: 55.1 x 70.5 CM(21.70 x 27.74 IN.)
WITHSTRAIN ISOLATOR
TASK
DURATION
HR/M2
(HR/FT 2)
2.790(0.260)
WITHOUTSTRAIN ISOLATOR
PANEL SIZE: 55.1 x t.4i.4 CM (21.70 x 55.66 IN.)
ACTUAL
PRODUCTIVE
TIME
MAN-HR/M2
(MAN-HR/FT 2)
5.290(0.492)
TASK
DURATION
HR/M2
(HR/FT 2)
ii
2.o]o(o.186)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/M2
!MA,N'HR/FT2)
3.830(0.355)
WITH STRAIN ISOLATOR
TASK
DURATION
HR/M 2
(HR/FT2)
2.388(0.222)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/M2
(MAN-HR/FT2)
i
4.470(0.416)
WITHOUTSTRAIN ISOLATOR
TASK
DURATION
HR/1VI2
(HR/FT2)
1.723(0.160)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/N2
(MAN-HR/FT2)
3.263(0.303)
i •
i
i
i¸
!/i!
'_ INDICATES DURATION (PERFORMANCE)TIME
_ INDICATES MANPOWERREQUIREMENTS
8.0
_-:-:__ 6.0
"T
! z
u.l '_
5= _=_4.0
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t-- o
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3.830
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FIGURE 32 INITIAL INSTALLATION COMPARISON
without the strain isolator. The effect of a "water-break" versus a "non-water-
break" free surface is reflected in the replacement data. To effect a "water-
break" free surface for the area with and without a strain isolator took
between 54 and 73 percent more time for the small and the large panels respec-
tively thanrequired for a "non-water-break" free surface. The manpower
requirements to replace the smaller panels (with strain isolator) was approxi-
mately 24 and 40 percent greater than for the larger panels (with strain
isolator) for the "water-break" free and the "non-water-break"free condition
respectively. This data is presented in bar chart form in figures 33 and 34.
Unscheduled Removal and Replacement.- Unscheduled removal and replacement
maintenance task duration and productive time requirements are presented in
table 15. These data represent situations in which a random TPS panel would
be removed and replaced prior to flight for one, or a combination, of the
following reasons:
(i) damage has occurred to the basic ablator and/or substructure
(2) access to internal insulation or equipment is required
This table gives the requirements to remove and replace a selected ablator
panel surrounded by similar components of the same design. The primary differ-
ence between the scheduled and unscheduled situations in this instance is in
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TABLE 14
ABLATOR DIRECT BOND-ONATTACH CONCEPT
Scope:ScheduledRemovalandReplacement
FUNCTION
o"'REMOVE
:_ _ REPLACE
F--
i_ TOTAL
_ REMOVEinU_ _n_i m
,-,,._ REPLACE
hl_im _
,,o:TOTAL
PANEL SIZE: 55.1 x 70.5 CM(21.70 x 27.74 IN.)
WITH STRAIN ISOLATOR WITHOUTSTRAIN ISOLATOR
TASK
DURATION
HR/M2
(HR/FT2)
1.287(0.120)
,mine=mm=w i
2.321(0.216)
rime _ _ i
3.621(0.337)
1.287(0.120)
mum i_ _ u
3.619(0.336)
mummeR
4.906(0.456)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/M2
(IVt_N-HR/FT2)
2.8Q7(0.261)
i n
4.538(0.422)
..,- ..,. m m
7.345(0.683)
2.807(0.261)
m,um mmmm n _
7.089(0.659)
9.896(0.920)
TASK
DURATION
HR/M2
(HR/FT2)
0.912(0.085)
m_mi
1.635(0.152)
2.544(0.237)
0.912(0.085)
i_ ml,mm _ u
2.486(0.231)
_ mmmm _ m_
3.398(0.316)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/M2
(MAN-HR/FT2)
2.089(0.194)
i _ me,=w _
3.264(0.303
5.352(0.497)
2.089(0.194)
mum i
4.921(0.457)
__ __...______.
7.010(0.651)
PANEL SIZE: 55.1 x t41.4 CM (21.70 x 55.66 IN.)
WITH STRAIN ISOLATOR WITHOUTSTRAIN ISOLATOR
TASK
DURATION
HR/M2
(HR/FT 2)
1.282(0.119)
M ,,,,_ *,,,urn_ m
1.629(0.151)
u n
2.911(0.270)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/M2
(MAN.HR/FT2)
2.805(0.261)
i i
3.227(0.300)
_lmm wm,,m Julm n
6.032(0.561)
2.805(0.261)
iRma
5.771(0.536)
i i
8.576(0.797)
TASK
DURATION
HR/M2
(HR/FI 2 )
0.909(0.084
mu
1.154(0.107)
2.06i(0.191)
0.909(0.084)
n _ n i=m
1.985(0.262)
mzl,,im_ _ umll
2.894(0.346)
1.282_.119)
n m mlmW n_ml _ mmm
2.918(0.271)
n m _= immmm _
4.200(0.390)
ACTUAL
PRODUCTIVE
TIME
MAN.HR/M2
(MAN-HR/FT2)
2.081(0.193)
i mm mmmm mw
2.324(0.216)
i _ u=mL m
4.406(0.409)
2.081(0.193
"- 3.962(0.768)--
mm_mim
6.043(0.561)
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FIGURE 33 SCHEDULEDREMOVALAND REPLACEMENTCOMPARISON
(WITHWATER-BREAKFREE SURFACE)
the boundary conditions between panels at the time of removal and/or replacement.
In the case of the scheduled removal and replacement exercise, successive
removal of the panels is made easier by not having to worry about damaging an
adjacent panel since all panels are removed. On the other hand, during the
unscheduled maintenance situation panels must be removed or fitted in place
between adjacent panels (with all four edges of the panel coming into play).
It should be noted that the unscheduled removal and replacement data are
an extrapolation of the scheduled removal and replacement data. Based on
experience gained in the removal and replacement of the RSI direct bond approach
investigated during Task I, it was felt that a percentage increase in task
duration and productive time of certain task functions would be justifiable
because of the added care that must be exercised in this situation to prevent
damage to adjacent panels. In the case of the removal function, a 20-percent
increase was made to the tasks of sawing slots in the ablator, removal of the
ablator and removal of the adhesive/strain isolator. Likewise, a 20-percent
increase was made to the replacement functions involving scouring the panel
support, priming the panel support, applying masking tape, removal of masking
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tape, applying adhesive, and inspection of voids and mismatches. However, the
times to install tape adjacent to gaps and mixing caulking compound and filling
gaps was increased i00 percent. With these exceptions the trends noted in
table 14 relative to panel size (with and without a strain isolator) are
essentially the same for the unscheduled removal and replacement functions.
These trends are illustrated in bar chart form in figures 35 and 36.
Inspection (Quality Assurance).- The inspection (quality assurance)
required for accomplishing Space Shuttle TPS refurbishment would essentially
consist of two functions. The first can be identified as "individual mainte-
nance task inspection" while the second is identified as "final inspection."
Individual maintenance task inspection starts with the postlanding phase
of Shuttle operation. An overall visual inspection is first made to determine
which panels need to be either removed and replaced, and/or repaired. This is
then followed by detail inspection of completed sequential maintenance tasks
associated with the refurbishment of the damaged TPS panels.
Final inspection consists of a prelaunch check, in which all of the
external TPS surfaces are reexamined to assure that no damages have
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TABLE 15
ABLATOR DIRECT BOND-ONATTACH CONCEPT
Scope:UnscheduledRemovalandReplacement
e,--
It..
.i
PANEL SIZE: 55.1 x 70.5 CM(21.70 x 27.74 IN.)
WITH STRAIN ISOLATOR WITHOUTSTRAIN ISOLATOR
PANEL SIZE: 55.1 x 141.4 CM (21.70 x 55.66 IN.)
WITH STRAIN ISOLATOR WITHOUTSTRAIN ISOLATOR
TASK ACTUAL TASK ACTUAL TASK
FUNCTION DURATION PRODUCTIVE DURATION PRODUCTIVE DURATION
TIME TIME
HR 'M2 MAN-HR/M2 HR/M2 MAN'HR/M2 HR/M2
(HR/FT 2) (MAN-HR/FT2) (HR/FT 2) (MAN-HR/FT2) (HR/FT 2)
,,, REMOVE 1.54](0.143) 3.363(0.313) 1.089(0.101) L534(0.143)
r.)
iuumm i a mmmm melt _mm n unto imam _ WinD n m i
REPLACE 2.803(0.260) 5.671(0.527) 2.076(0.193)
imam elm iummmllnmim minim
4.344(0.403) 9.034(0.840) 3.165(0.294)TOTAL
2.503(0.233)
nmmim iun_ iu nnoa i _ If
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i u= mm_nnm_ mmmm m man g mzam immz m n mere Im
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ACTUAL TASK ACTUAL
PRODUCTIVE DURATION PRODUCTIVE
TIME TIME
MAN.HR/M2 HR/M2 MAN.HR/M'?"
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3.359(0.3'12) '1.088(0.101) 2.495(0.232)
uu_ u annum m i i n_ a_w i
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REMOVE 1.541(0.'143)
nnRiam mbanii
REPLACE 4.348(0.404)
inim_minamn
TOTAL 5.889(0.547)
3.363(0.313) '1.089(0.'10'1) 2.503(0.233) ].534(0.143) 3.359(0.3'12) 1.008(0.'10'1) 2.495(0.232)
nimu_ mmummm ms--am n ann i_mm_ mmma_amm mm_numm
8.7'16(0.810) 3.086(0,287) 6.302(0.586) 3.558(0.331) 7.177(0.667) 2.495(0.232) 5.121(0.476)
- -",12.079(1.123) .175(0.
OO
",4
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occurred to the TPS panels while the vehicle, including all of its subsystems,
is being functionally checked and serviced for the next launch. This inspection
is primarily a visual examination of the components involved.
During the testing phase of this study, inspection was conducted, as
required, to verify the satisfactory completion of the individual refurbishment
tasks which were performed (i.e., panel installation, removal, and replacement).
These inspection functions fell under the category of individual maintenance
task inspection. That portion of the manpower requirements presented in tables
13 and 14, which were devoted to inspection, were extracted and are analyzed
in more detail in this section of the report. These inspection data are pre-
sented in table 16 for the scheduled removal and replacement of the attach
concept tested.
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As shown in table 16, the inspection requirements for the small panels with
a strain isolator are 53 percent greater than for the large panels with a strain
isolator, whereas those of the small panels without a strain isolator are 36
percent greater than those of the large panels without a strain isolator.
Simulation of a typical final inspection exercise was also performed after all
the ablator panels had been installed on the mockup. These data are presented
in table 17. Since only one man performed this inspection, task duration and
productive times are identical and on a square meter (square foot) basis, found
to be 0.0102 hours per square meter (0.0009 hours per square foot).
Bond Integrity Evaluation (Static Testing).- The task duration and produc-
tive times to perform static tests to verify the integrity of the adhesive bond
are given in table 18. As noted, three different methods were employed
including the process control coupon technique (with and without a strain iso-
lator), imbedded panel inserts, and bonded-on fittings (to the installed panels)
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TABLE 16
INSPECTION (QUALITY ASSURANCE)
Scheduled Removaland Replacement
TERISTICS
PANEL SIZE
INSPECTION
MANPOWER
MAN-HR/IV]2
(MAN-HR/FT2)
TOTAL
MANPOWER
MAN.HR/M2'
(MAN-HRI_T2)
1.622(0.151)'
6.043(0.561)
INSPECTION
PERCENTAGE
OF TOTAL
MANPOWER
INSPECTION
PERCENTAGE
OF PRODUCTION
MANPOWER
SMALL PANELS (WITHSTRAIN ISOLATOR) 9.896(0.920) 16.4 19.6
SMALL PANELS (WITHOUTSTRAIN ISOLATOR) 7.010(0.651) 1.000(0.093) 14,3 16.6
LARGE PANELS (WITHSTRAIN ISOLATOR) 8.576(0.797) 1.057(0.098) 12.3 14,1
LARGE PANELS (WITHOUTSTRAIN ISOLATOR) 0.737(0.069) 12.2 13.9
TABLE 17
ABLATOR DIRECT BOND-ON ATTACH CONCEPT
Scope: Final Inspection
FUNCTION
FINAL
INSPECTION
TASK DURATION
HRAV12(HR/FT 2)
0.0102(0.0009)
ACTUAL PRODUCTIVE
TIME
MAN_HR/M2 (MAN-HR/FT2)
0.0102(0.0009)
described previously under the section labeled "Static Testing." It should be
noted that the task duration and productive times for the process control
coupons (with and without a strain isolator) include the requirements for
manufacturing the coupons in parallel with bonding on the ablator panel. Pro-
cess control coupon testing would of course be performed off the vehicle,
whereas the imbedded inserts and bonded-on fittings would be performed on
installed ablator panels. As noted, there is an order of magnitude difference
among insert concept, the bonded-on fittings, and the process control coupon
techniques (as shown in the bar chart of figure 37_. Although the times to
perform the static tests using the "insert" type fitting, the former method is
more restrictive to preselected locations whereas the latter method allows for
random sampling. Depending upon the number and type of static tests required
per square meter (square foot) of surface area this facet of the refurbishment
operation could be significant or irrelevant.
Converting the data given in table 18 and plotting them on a number of
tests per square meter basis gives the manpower requirements as shown in figure
38. Based on the data presented in tasks 42, 43, 45, 46, 48, 50, 52, and 54 of
table 5, we find that 5.1 square meters of _lator panels (i.e., 6.8 large
ablator panels) can be installed using an adhesive with a pot life of 2.5 hours.
This area was calculated using the following equation:
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Area in square meters/panel x pot life of adhesive = total area
Task duration installation time (HRS)/panel
Using the data presented in figure 38 and assuming that one process control
coupon would be manufactured and tested for each 5.1 square meters of area, the
cost in manhours to verify the bond by this technique is equal to 0.157 and
0.102 manhours per square meter, respectively, for the configuration with and
without the use of a strain isolator. The effect of this method of bond certi-
fication is filtered into the analysis of a representative Space Shuttle
configuration cited later in the report.
92
r
Ii
t
I
1.8
1.6
1.4
12
o-
-w-
I
Z
1.0
!
o 08
O-
Z
06
04
02
0 0.5 1.0 1.5 2.0
NUMBER OF TEST COUPONS PER SQUARE METER
FIGURE38 MANPOWERVS.TESTCOUPONREQUIREMENTS
Refurbishment Labor and Performance TPS Attach Concept Comparison
The real significance of the data presented for the direct bond-on ablator
panels becomes apparent when these data are compared with the data associated
with the TPS attach concepts tested in Task I. This comparison is presented in
figures 39 and 40 for the scheduled and unscheduled removal and replacement
functions, respectively.
From these figures one can see that a sizable difference exists not only
among attach concepts having different heat shield materials but also among
identical attach concepts having different heat shield materials. On a sched-
uled removal and replacement basis (figure 39) the ablator key/keyway attach
concept is the lowest maintenance cost approach; whereas the ablator direct
bond-on concept is the highest maintenance cost approach, the difference being
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over i000 percent. It should be noted that the ablator direct bonded-on
approach cited assumes the larger of the two size panels investigated with the
use of a strain isolator on a "water-break" free surface.
Comparison among the unscheduled removal and replacement duration times
and manpower requirements for the individual attach concepts are shown in
figure 40. As noted a grea_er difference exists between the various attach
concepts than for the scheduled maintenance situation. In this instance both
the ablator and HCF direct bond-on approach are greater than the ablator
multiple fastener attach concept by approximately 750 and 2550 percent, respec-
tively. The HCF direct bond-on approach is greater than the ablator direct
bond-on approach primarily due to the added care which must be taken in
handling HCF because of its more fragile nature and to the larger size ablator
Maintenance Techniques
In addition to obtaining and analyzing performance time data, another
objective of the program was to evaluate the techniques used in performing the
various maintenance operations. This was accomplished by examining the various
maintenance procedures (i.e., handling, tools, fixtures, materials, etc) used
during the installation, inspection, static testing, and removal of the ablator
panels. For the most part, all procedures employed were state-of-the-art. In
addition, we note some of the major problem areas associated with these proce-
dures, the design to which they were applied, and the ways in which the problems
affected the test data.
Handling.- Handling of both the small and the large ablator panels while
inspecting, applying adhesive, or installing the panels on the panel support
assembly was readily accomplished, without any obvious damage to the panels.
Installation of the large and small ablator panels was accomplished in essen-
tially the same manner. One man was required to support the small panel,
whereas two men supported the large panel, while the pressure plate, pressure
bags, and support stand were positioned beneath the panel assembly as shown in
figure 41 The manpower allocations required for installing both the small and
large ablator panels followed the sequence o_ operations below:
two men were required for carrying the adhesive coated panels and
positioning same to the panel support assembly
two men handled and positioned the support stand, used for supporting
the panel during the adhesive cure cycle
one man handled and positioned a cushioned pressure plate between the
support stand and the small panel, whereas two men were required for
handling the larger plate
positioning and inflating the pressure bags, between the support
stand and the pressure plate, for the small panel was accomplished
by one man, whereas two men were employed while performing this task
for the large panels.
96
i:_ _, "2, !i
i_'¸_¸_i•_i
• i •
i• /!!
FIGURE 41 PANEL SUPPORT STAND
Bonding the strain isolator, figure 7, to the panel support assembly,
figure 42, with RTV 560 adhesive created several problems. The lack of tacki-
ness of the adhesive made it mandatory that the thin, limp, isolator pad be
supported with a rigid backup plate while it was being positioned and applied
to the adhesive coated panel support assembly. Once the strain isolator was
placed in position, the same procedure described in the previous paragraph
for installing the large ablator panel was used for applying a uniform pressure
to the strain isolator during the adhesive cure cycle. Trying to accurately
position the strain isolator on the backup plate and subsequently to the panel
support assembly proved a challange. Although the actual time required for
bonding the strain isolator to the panel support assembly is included in the
final refurbishment cost data, we strongly recommend that the strain isolator
be bonded to the TPS panels as a bench operation, and that the isolator and the
TPS panel be bonded to the panel support assembly as an integral unit.
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FIGURE 42 INSTALLED STRAIN ISOLATOR
Support Stand.- The support stand, (figure 41), manufactured from 2.54-
centimeter (l.0-inch) diameter pipe and corresponding tees, crosses, unions and
floor pads (although over-designed) worked well for supporting the panels during
the adhesive cure cycles. The 1.91-centimeter (0.75-inch) thick plywood
pressure plate on the other hand was not rigid enough to provide a uniform
pressure to the entire ablator panel area. This condition, however, would not
have occurred if a single rectangular shaped pressure bag, covering the entire
area of the pressure plate, had been used instead of two 38.l-centimeter
(15-inch) outside diameter innertubes.
Adhesive Application.- The RTV 560 adhesive used for bonding the ablator
panels to the panel support assembly was applied to both the panel and to the
metalliCisolator)ski_ppfoxtiheaPa_yloS_pP°tt 0(?_5_°cetnhtiPr_vi°u_lY01b5°ndoedo?_2_traci_es) of
adhesive was applied to each surface using a semistiff brush. A paint roller
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was then used to uniformly spread the adhesive over the entire surface. A
plastic serrated comb, with flats between each groove, was used on the initial
installation for controlling the thickness of the adhesive. This, however, was
replaced in favor of a paint roller, since the comb removed all of the adhesive
in the flat areas. A redesign of the tool, incorporating small runners along
each end of the comb, would help to control the thickness and minimize the bare
areas.
While removing the charred ablator panels from the panel support assembly,
a large void in the bond area was discovered under the middle large ablator
panel, as shown in figure 43. Since this void occurred along the splice
joining the two skins used in manufacturing the panel support assembly, it is
conceivable that excessive waviness existed in this area. This theory was
further strengthened by the fact that bond failure occurred while static testing
the plug (machined in the second set of panels) located in this same area.
Caulking.- The two parts of the RTV 88 silicone compound, described in
the "Ablator Panel Fabrication" section and prepackaged in 0.227-kilogram (8-
ounce) cartridges , were mixed together by two men while two additional men were
performing the actual caulking. Although the setup used for mixing the com-
pound (figure 44) required two men, the performance time for only one man was
recorded, since normally a special mixing machine, available from the vendor,
would be used, making the mixing a one man operation. As illustrated in the
figure, one man stroked the plunger back and forth, while the other man merely
held the trigger on the air motor, which rotated the plunger as the compound
was being mixed. Filling the 0.46-centimeter (0.18-inch) wide gaps between
adjacent panels was accomplished by using an air-pressure-operated caulking
gun, as shown in Figure 45. To minimize cost the width of the gap was selected
to correspond with the availability of stocked, plastic nozzles. The depth of
the gaps made it mandatory to use nozzles with a long constant cross section to
assure that the entire gap was being filled. The nozzles were extended close
to the bondline and held in that position until the caulking compound extruded
to the outer surface of the panel, thus filling the entire gap. As illustrated
in the figure , a man followed the filling operation with a putty knife removing
all excess material and smoothing the surface of the filled gap. This had to
be accomplished shortly after the gap was filled because the compound had a
relatively short pot life.
It should be pointed out that the time recorded for caulking the gaps was
extremely high, due to the nozzles becoming clogged or stopped up with lumpy
material as the material was extruded through the nozzle. Approximately
30 percent of the cartridges had some cured, hard material distributed through-
out the cartridge. In several cartridges, curing had proceeded to the extent
that the mixing plunger could not be moved at all, and, consequently, the
entire cartridge had to be thrown away. Another time delay evolved from having
to apply approximately 541.6 kilonewtons per square meter (80 pounds per
square inch) of pressure instead of the recommended 270.8 kilomewtons per square
meter (40 pounds per square inch). This higher pressure ruptured several
of the rectangular cross sectional plastic nozzles.
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Removing Charred Ablator Material.- The charred ablator panels (figure
46) were sectioned into small strips by machining intersecting grooves in the
ablator panels with a circular saw, as shown in figure 47. The circular saw
was set to a predetermined depth to assure that the blade would not bear on,
or come in contact with, the aluminum skin. The sawing of these grooves proved
to be a messy task. Although a strong shop vacuum, reinforced with a large
exhaust fan, was used adjacent to the sawing operation, the entire room was
heavily contaminated with dust particles. These sections, approximately 5.1 x
17.8 centimeters (2 by 7 inches), were removed by using a putty knife to cut
and pry each section away from the bondline, as shown in figure 48.
100
!i:S:_
....i iiiiii i
FIGURE 44 MIXING CAULKINGCOMPOUND
Removin$ Adhesive.- Removal of the cured adhesive from the aluminum skin
of the panel support assembly was accomplished in two steps.
First, the remaining ablator material, the strain isolator (if applicable)
and most of the adhesive were removed. This task was accomplished by using
sharp plastic scrapers, as shown in figure 49. These scrapers had to be
extremely sharp in order to be effective; consequently, one man was assigned
to sharpen the scrapers, while two men were using them to scrape off the adhe-
sive. Our goal was to allow no more than 0.005 centimeters (0.002 inches) of
residual adhesive to remain on the skins of the panel support assembly.
Removing the bonded-on strain isolator was such an easy operation that we
suspect that the bond may not have cured properly. The strain isolator peeled
off readily by applying a steady downward pull to the outer edges of the pad, as
shown in figure 50. Initially this pad was bonded to the panel support assembly,
with a single face adhesive application approximately 0.013 to 0.02 centimeters
(0.005 to 0.008 inches) thick. During the final installation operation, the
thickness of the adhesive was increased to approximately 0.038 to 0.051 centi-
meters (0.015 to 0.020 inches). Subsequent static testing of two machined
plugs in the small bonded-on ablator panels revealed an adequate bond.
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FIGURE 45 CAULKINGOPERATION
FIGURE 46 CHARREDABLATOR PANELS
FIGURE 47 SECTIONINGCHARREDABLATOR
FIGURE 48 REMOVINGCHARRED ABLATOR
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FIGURE 49 SCRAPING OFF ADHESIVE
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FIGURE 50 REMOVING STRAIN ISOLATOR
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The second step for the adhesive removal procedure consisted of removing
the remaining residual adhesive until a "water-break" free surface was obtained.
This was done by scrubbing the surface with nylon/silicone carbide abrasive
cloths and rinsing with deionized water. The abrasive pads were attached
to a ll.4-centimeter (4.5-inch) diameter disk sander_ as shown in figure 51.
Use of an abrasive material for obtaining a "water-break" free surface is
highly questionable, since it scratches the aluminum surface (as illustrated
in figure 52).
Obtaining a "water-break" free surface was readily accomplished in the
area where flush head rivets were used for attaching the stiffeners to the skin
of the panel support assembly. This was not the case where universal head
rivets were installed. Although considerable time was spent, to remove the
adhesive around each rivet head, using plastic scrapers, a small disk sander
with abrasive pads, and much hand scrubbing, the surface would not wet around
the periphery of the rivets. These areas were approximately 1.65 centimeters
(0.65 inch) in diameter.
Static Testing.- As mentioned previously, three different static testing
approaches were investigated for bond integrity evaluation. All of these
approaches involved machining a plug (as shown in figure 53) in either the
bonded-on ablator panels or in the process control coupons.
The first approach, by far the simplest, consisted of applying a pre-
determined load to an eyebolt that had been screwed into an imbedded insert in
the center of each ablator panel (figure 54). Since the width of the groove
surrounding the machined plug is very narrow and the hole leading to the
i_, _
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FIGURE 51 REMOVINGRESIDUALADHESIVE
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FIGURE 52 CLEANED ALUMINUM SURFACE CONDITION
FIGURE 53 MACHINING ABLATOR PLUGS
imbedded insert is small, no repair is required unless damage occurs while
machining the plug.
FIGURE 54 STATIC TESTING MACHINEDPLUGS (INSERTS)
The second approach used for checking the bond consisted of bonding on a
fitting at a random location(s) on the external surface of the ablator panel.
After waiting the necessary time to insure that the adhesive had cured, a pre-
determined load of 24.9 kilograms (55 pounds) was applied to the fitting. If
no failure occurred the fittings were removed by using a sharp, thin, flexible
putty knife to cut through the adhesive layer (figure 55 ). This procedure
resulted in damaging the ablator panel in each area where the fittings had
been attached (figure 56 ). Each damaged area was repaired locally.
The third approach tested was identical to the second, except that a
process control coupon was used. Application of the static load is illustrated
in figure 57. For this approach the plugs can be tested to failure, since
damage to the coupons need not be repaired.
Maintenance Technique Conclusions and Recommendations.- In reviewing some
of the factors observed while performing the various maintenance operations,
and the performance time data associated with specific tasks, the following
conclusions and/or recommendations can be made.
Handling the 5.l-centimeter (2.0-inch) thick ablator panels,
manufactured without facesheets, was readily accomplished without
any obvious damage to the panels.
The strain isolators should be bonded to the TPS panels, as a bench
operation, instead of bonding them to the substructure. In addition
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FIGURE 55 REMOVING BONDED-ON FITTING
FIGURE 56 PANEL CONDITION AFTER FITTING REMOVAL
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FIGURE 57 STATIC TESTING PROCESSCONTROL COUPON
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to eliminating the problems associated with positioning the
silicone sponge pads, it also greatly reduces refurbishment time.
In order to reduce the performance time associated with applying a
uniform pressure to the bonded-on ablator panels during the adhesive
cure cycle, special pressure bags, designed to cover the entire area
of the panel, should be used.
Pressure plates, if required, must provide uniform loading of the
panels during the adhesive cure cycle.
Waviness of the TPS panels and/or the support structure will have to
be minimized in order to help eliminate bonding voids. This
is especially true if the .TPS panels are bonded directly to the
support structure (without strain isolator), with thin layers of
adhesive.
The recorded performance time associated with caulking the gaps
between the panels was abnormally high, due to partially cured
caulking compound clogging the nozzles.
SPACE SHUTTLE REFURBISHMENT
To illustrate the effect of refurbishing the bonded-on ablator concept
when applied to a Space Shuttle vehicle, a representative vehicle configuration
was analyzed using the test data obtained. The configuration, temperatures, and
material distribution used in the analysis were identical to those used in
Task I and reported in NASA CR-I12034. These results were compared with the
results obtained in Task I and are discussed herein.
The material distribution used in the analysis is shown in figure 58. The
term "charred" ablator refers to that portion of the vehicle which would require
refurbishment after every flight. The term "noncharred" ablator refers to that
portion of the vehicle which would not experience temperatures greater than
675°K (750°F) and would, therefore, have a use-life greater than one flight.
In the case of the noncharred ablator, variable use-life estimates were assumed.
In the one instance it was assumed that the materials would have a use-life
equal to the life of the vehicle, namely 100 flights. In addition, data were
derived assuming total refurbishment once every 100 flights and twice every
i00 flights.
For the case analyzed, 57 percent of the total surface area would be
refurbished after every flight, while the remaining 43 percent would be covered
with noncharring ablator which would be totally refurbished in accordance with
the use-life assumptions quoted previously. Refurbishment labor costs for the
highly curved nose section, and for the leading edges of the wing and tail
surfaces, were not calculated since all test data were derived from flat panels
and, as such, may not be directly proportional (since it is assumed it would
be more difficult to refurbish these sections).
110
UPPER
LOWER
FIGURE 58 ORBITER TPS DISTRIBUTION
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where:
The results of the analysis are presented in tables 19 and 20.
deriving these data, the following cost model was used:
C F = (_) (M) (LR) (e) (Y)
CF = average cost/flight ($)
A F = average area/flight replaced measured in meters
squared (feet squared)
M = refurbishment manhours/meters 2 (feet 2)
L R = labor rate @ $15/manhour
_n
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TABLE 19
NONCHARRED ABLATOR COST DATA
Area B -- 462 M2 (4970 Ft2)
ATTACH
CONCEPT
DIRECT
BOND-ON
(WITH
STRAIN
ISOLATOR)
DIRECT
BOND-ON
(WITHOUT
STRAIN
ISOLATOR)
TYPE
MAINTENANCE
INITIAL
INSTALLATION
SCHEDULED
UNSCHEDULED
UNSCHEDULED
INITIAL
INSTALLATION
SCHEDULED
UNSCHEDULED
UNSCHEDULED
%AREA
REFURBISHED
100
100
3
1
AREA
REFURBISHED
M2 (FT2)
MANHOURS
REQUIRED
MAN-HR/M2
(MAN-HR/FT2)
4.635 (0.431)
8.741 (0.812)
10.701 (0.994)
10.701 (0.994)
COST/FLIGHT
FOR PARTIAL
REFURBISHMENT
($)
3,642
COST/FLIGHT
FOR TOTAL
REFURBISHMENT
($)
99,170
m
1,214
COST($) FOR 100 FLIGHTS
WITH TPS FLIGHT LIFE OF:
100 50-99
52,856
360,558
1,214
414,628
I00
100
3
1
462 (4970)
462 (497O)
13.86(149)
4.62 (49.7)
462 (4970)
TOTAL
3.370 (0.313)
6.150 (0.571)
7.723 (0.718)
7.723 (0.718)
3,642
m
2,629
100,384
69,774
876
38,234
260,271
876
299,381
52,856
99,170
356,916
2,428
511,370
38,234
69,774
257,642
1,752
367,402
462 (4970)
13.86 (149)
4.62 (49.7)
TOTAL 2,629 70,650
34-49
52,856
198,340
353,274
3,642
608,1i2
38,234
139,548
255,013
2,628
435,423
TABLE 20
CHARRED ABLATOR COST DATA
Area C = 558 M2 (6000 Ft2)
ATTACH
CONCEPT
DIRECT
BOND-ON
(WITH
STRAIN
ISOLATOR)
DIRECT
BOND-ON
(WITHOUT
STRAIN
ISOLATOR)
TYPE
MAINTENANCE
INITIAL
INSTALLATION
SCHEDULED
UNSCHEDULED
%AREA
REFURBISHED
100
AREA
REFURBISHED
M2(FT2)
558
100 558
(6000)
(60O0)
5.58(60)
INITIAL
INSTALLATION
SCHEDULED
UNSCHEDULED
L
100
100
558 (6000)
558 (6OO0)
5.58(60)
MANHOURS
REQUIRED
MAN-HR/M2
(MAN-HR/FT2)
4.635(0.431)
8.74i i0.812)
10.701(0.994)
TOTAL
3.370(0.313)
6.150(0.571)
7.723(0.718)
TOTAL
COST/FLIGHT
FORTOTAL
REFURBISHMENT
($)
119,776
1,466
121,242
m
84,272
1,o5,8
85,330
COSTFORIO0
FLIGHTS(TPS
FLIGHTLIFE= 1)
($) l "
63,513
11,857,824
!46,600
12,067,937
46,178
8,342,928
" 105r800
8,494,906
P = productivity factor equal to 1.53
Y = planning and engineering support at 1.07
Therefore:
CF = (_) (M) (15) (1.53) (1.07)
The factor Y is used to account for the required effort of planning and
engineering personnel to support the maintenance personnel during the refurbish-
ment activity. The factor P is used to account for unproductive time incurred
during installation and removal of the TPS panels. Examples of unproductive
time would include having the personnel available but not able to perform their
function due to parts or equipment delay, equipment breakdown, failure to com-
plete on time a prerequisite task, etc. Included in the refurbishment of each
area are the initial installation costs and the costs for both scheduled and
unscheduled maintenance functions. Scheduled maintenance refers to heat shield
removal and replacement after exposure to the entry environment, while unsche-
duled maintenance refers to the removal and replacement of the damaged heat
shields due to ground operations and/or entry environment.
The data presented in tables 19 and 20 are the results of a combination
of several important parameters, such as the labor cost per square meter
(square foot) to remove and replace the ablator panels, total area refurbished
after each flight, and the expected use-life of the basic heat shield material.
Maintenance labor costs for areas B and C of the vehicle (reference figure 58)
are given for the configuration with and without a strain isolator, with the
panel support assembly being cleaned and checked for a "water-break free"
surface condition. In addition they also include the manhours required for
manufacturing and static testing the process control coupons as described in
the previous section. As stated previously the cost for area A was not pro-
jected because it was felt that the flat panel test data is not directly
applicable to those highly curved regions of the vehicle.
Unscheduled percentage factors of i and 3 were assumed. The i percent
applies to the unscheduled maintenance required due to damage of the virgin
material during normal ground operations attendant upon initial installation
and complete refurbishment of the area, while the 3 percent factor is applied
each and every flight for use-life values greater than one. It should be
noted that these percentage factors are purely estimates and are not based on
any historical data. Such factors can only be verified after sufficient experi-
ence has been obtained on actual operational-type hardware.
The manhours quoted for the unscheduled maintenance were extrapolated from
the scheduled removal and replacement data. The scheduled data were obtained
under actual test conditions. When removing and replacing a particular panel
during unscheduled maintenance, extreme care must be taken in order not to
damage an adjacent panel or close out member. During a regularly scheduled
removal of panels, such care would not be necessary, since many panels would be
removed and replaced at one time.
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The significance of the bonded-on ablator concept in relation to the other
TPS concepts investigated during Task I is illustrated by comparing the various
TPS concepts on an average S/square meter (S/square foot) and $/fllght basis
as shown in tables 21 through 23. The S/square meter (S/square foot)
parameter indicated the relative ease or difficulty associated with refurbish-
ing the various TPS concepts considered. Based on this parameter, the various
TPS concepts are compared for areas B and C of the vehicle investigated. As
stated previously, the cost for area A was not projected because it was felt
that the flat panel test data are not directly applicable to these highly
curved regions of the vehicle.
In reviewing the maintenance labor cost data for the noncharred ablator
(area B) shown in table 21, it is noted that the average bonded-on ablator
concept costs are approximately 525 percent higher than those concepts employing
an externally removable panel. When reviewing the maintenance labor cost data
for the ablator attach concept for area C, table 22 , we see that there is
an order of magnitude difference between ablator key/keyway and direct bond-on
(with strain isolator) attach concepts. Comparing the RSI (HCF) attach concepts
for area C, it is clearly evident that the direct bond maintenance labor costs
are greater than those for the key/keyway attach concept by between 450 and 500
percent.
Maintenance labor cost comparison for the various TPS attach concepts con-
sidering the refurbishment of the entire vehicle shown in figure 58, except
for the nose section and leading edges of the wing and tail, is given in table
23. As indicated, the TPS flight life for the ablator attach concepts was
considered to be i for the charred ablator area (area C), while flight lifes of
i00, 50 to 99, and 34 to 49 were considered for the noncharred ablator area
(area B). For the vehicle whose basic TPS incorporated RSI (HCF) the cost data
was derived by covering area C with RSI (HCF) and area B with ablator (attached
by means of pi-straps). Flight lifes of i00, 50 to 99, and 34 to 49 were
assumed for both areas B and C. From these data, it is clearly evident that of
all the variables considered, use-life of the heat shield material is by far
the most significant. Current state-of-the-art ablators have for the most part
a use-life of one flight. However, if the ablator material does not experience
temperatures above 672°K (750°F), it is assumed that its use-life could be
extended to i00 flights. The current goal in the development of PSI (HCF) is
to have a use-life of at least i00 flights. If such a goal is obtained the use
of RSI (HCF), in combination with a removable panel attach concept, could prove
to be most cost effective from a maintenance labor point of view. If, on the
other hand, the RSI (HCF) is bonded directly to primary structure, then ablator
panel attach concepts become conpetitive with RSI (HCF) even though the ablators
have a limited use-life of one flight for those areas where the higher tempera-
tures are obtained. As noted, the direct bond-on ablator concepts are consider-
ably higher in labor costs than any of the other TPS attach concepts, and are,
therefore, the least cost effective.
CONCLUSIONS AND RECOMMENDATIONS
Several significant conclusions and recommendations summarized below, may
be drawn from Task II.
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TABLE 21
NON-CHARRED ABLATOR ATTACH CONCEPT COST DATA COMPARISON
Area B : 462 M2 (4970Ft2)
(VEHICLE LIFE = 100 FLIGHTS)
TPS ATTACH CONCEPT
ABLATOR PI-STRAP
ABLATOR MULTIPLE FASTENER
ABLATOR KEY/KEYWAY
ABLATOR DIRECT BOND-ON
(WITHOUTSTRAIN ISOLATOR)
ABLATOR DIRECT BONDoON
(WITH STRAIN ISOLATOR)
($/FT2)
1.22(0.11)
1.16(0.11)
1.71(0.16)
6.48(0.60)
8.97 (0.83)
AVERAGE COSTWITHTPS FLIGHT LIFE OF:
100 50-99 34-49
S/FLIGHT
562
535
791
2,994
4,146
S/M2
($/F1-2)
1.46 (0.14)
1.44 (0.13)
1.89 (0.18)
7.95 (0.74)
11.07 (1.03)
S/FLIGHT
673
666
871
3,674
5,114
($/FT2)
1.69(o.16)
1.72 (0.16)
2.06(0.19)
9,42(0.88)
13.16(1.22)
S/FLIGHT
783
796
952
4,354
6,081
i:/i/! II_!)!_I!/E_; il¸ ,_iii::__ii _ i z);L ._
TABLE 22
TABLE 11.0-4. MAINTENANCELABOR COSTCOMPARISON
Area C = 558 M2 (6000 Ft2)
(VEHICLELIFE = 100FLIGHTS)
TPSATTACHCONCEPT
ABLATORKEY/KEYWAY
ABLATORPI-STRAP
ABLATORMULTIPLEFASTENER
ABLATORDIRECTBOND-ON
(WITHOUTSTRAINISOLATOR)
ABLATORDIRECTBOND-ON
$/M2
($/FT2)
m
AVERAGECOSTWITHTPS FLIGHTLIFE OF:
100 50-99 34-49 1
S/FLIGHT
s/M2
($/FT2) S/FLIGHT ($/FT2)
m
(WITHSTRAINISOLATOR)
HCFKEY/KEYWAY
• 1.5 AND3_o*
• 2.5 AND5%*
• 5 AND10%*
HCFDIRECTBOND
• 1.5 AND3%*
• 2.5 AND5%*
• 5 AND10%*
4.50(0.42)
7.33 (0.68)
14.41(1.34)
25.61(2.38)
41.66(3.87)
81.78(7.61)
m
M
2,509
4,090
8,041
4.78(0.45)
7.60(0.71)
14.65(1.36)
28.18(2.62)
44.15(4.11)
82.27(7.82)
2,669
4,242
8,173
15,726
24,636
46,909
5.07(0.47)
7.88(0.73)
14.89(1.38)
30.75(2.86)
46.64(4.33)
86.35(8,03)
14,293
23,248
45,634
S/FLIGHT
2,830
4,395
8,306
17,158
26,023
48T184
S/M2
($/FT2)
18.96(1.76)
24.67(2.31)
29.05(2.70)
152.24(14.16'
216.27(20.11Y
m
S/FLIGHT
10,582
13,864
16,210
84,949
120.679
m
B
*UNSCHEDULEDREFURBISHMENT
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TABLE 23
MAINTENANCE LABOR COST COMPARISON
Area B + C = 1020 M2 (10,970 Ft2)
TPS ATTACH CONCEPT
ABLATOR KEY/KEYWAY
ABLATOR PI-STRAP
ABLATOR MULTIPLE FASTENER
ABLATOR DIRECT BOND-ON
(WITHOUTSTRAIN ISOLATOR)
ABLATOR DIRECT BOND-ON
(WITHSTRAIN ISOLATOR)
HCF KEY/KEYWAY
• 1.5 AND 3%*
• 2.5 AND 5%*
• 5 AND 10%*
HCF DIRECT BOND
• 1.5 AND 3%*
• 2.5 AND 5%*
• 5 AND 10%*
(VEHICLE LIFE = 100 FLIGHTS)
AVERAGE COSTWITH TPS FLIGHT LIFE OF:
C= i,B= 100 C= i,B= 50-99 C= I,B= 34-49
$/_z (S/FT2)
11.15 (1.04)
14.14 (1.32)
16.42 (1,53)
86.22 (8.02)
122.38(11.38)
S/FLIGHT
11,373
14,426
16,745
87,943
124,825
S/IVl2($/FT2)
11.23 (1.04)
14.25 (1.33)
16.55 (1.54)
86.89(8.08)
123.33(11.47)
S/FLIGHT
11,453
14,536
16,876
88,623
125,793
$/_ ($/FT2)
11.31(1.05)
14.36(1.34)
16.67(1.55)
87.55(8.14)
124.27(11.56)
B & C= 100 B & C= 50-99 B & C = 34-49
3.01 (0.28)
4.56 (0.42)
8.43 (0.78)
14.56 (1.35)
23.34 (2.17)
45.29 (4.21)
S/FLIGHT
11,534
14,647
17,006
89,303
126.760
3,071
4,652
8,603
14,856
23,811
46,196
3.28
4.82
8.67
16.08
24.81
46.65
(0.30)
(0.45)
(0.81)
(1.49)
(2.31)
(4.34)
3,342
4,915
8,846
16,398
25,308
47,581
3.54
5.08
8.91
17.59
26.28
48.01
(0.33) 3,612
(0.47) 5,178
(0.83) 9,089
(1.64) 17,941
(2.44) 26,806
(4.46) 48,967
*UNSCHEDULED REFURBISHMENT
i. Fabrication and handling of large size ablator panels presented no
serious problems. Additional studies should be made to establish upper size
limits from a handling and fabrication standpoint.
2. Control of humidity at temperature is required for acceptable hydro-
lization of current state-of-the-art primers used in prebonding operations.
Such requirements may create the need for special facilities for Space Shuttle
application. Further development of primers which are less susceptible to
humidity and temperature control is desirable.
3. Development of film type adhesives for Shuttle application would pro-
vide easier adhesive application, better control of adhesive thickness with
resulting lower weight, and reduced maintenance labor costs.
4. Verification of bond integrity presents a major problem for the Space
Shuttle TPS. Although candidate NDE methods exist, no one technique has yet
been proven to be fool proof. Further detail development of NDE methods should
be initiated as soon as possible.
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5. In the absence of any positive NDE technique(s) it is felt that a care-
fully executed and fully documented material and process control procedure,
together with tensile testing of process control coupons, is the best inspection
and certification approach available at this time to establish bond integrity.
6. During the removal and replacement of the ablator panels, dust parti-
cles contaminated the test area. Such contamination on a large-scale basis
could affect the health of personnel working in the refurbishment area and the
electronic equipment around and within the spacecraft. It is, therefore,
recommended that vacuum techniques that would be amenable to large-scale Space
Shuttle effort be evaluated.
7. Comparison of the bonded-on ablator concept with the TPS attach con-
cepts investigated during Task I show the bonded-on ablator concept to be the
least cost effective approach from a maintenance labor cost viewpoint, when
projected to Space Shuttle refurbishment.
8. The strain isolator should be bonded to the TPS panel as a bench
operation to reduce the refurbishment manhours with the isolator and theTPS
panel subsequently being bonded to the substructure as an integral unit.
• i_ ,
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APPENDIXA
MAINTENANCETASKSCHEDULES
All time data obtained while performing the refurbishment tests of the
direct bond-on attach ablator panels are contained in this appendix (tables A1
through AI3 in the form of maintenance task schedules). In order to help
identify the data, the specific task functions, heat shield type, attach con-
cept, and size of panels involved are identified in each table. The task
functions are divided into initial installation, caulking of gaps, inspection,
removal, final display installation, and static testing. The test data in
these maintenance task schedules include the task descriptions, individual task
times, cumulative production time, cumulative task duration plus cure time,
equipment and parts required, and a general commentscolumn. The task descrip-
tions are set up in a sequential step by step arrangement, allowing each
specific task to be timed separately. In addition to the total duration time,
the actual performance time expendedby each individual was recorded in seconds.
Actual and estimated total productive times required for performing each
individual task are expressed in manhours. Cumulative times in terms of man-
hours and hours are tabulated for the productive times and task durations
(including cure time requirements), respectively. All specific tools, equipment,
materials, and parts required to perform the specific tasks are identified.
General comments,asapplicable, are also included.
,
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Table A-1
>
I
TASK
NO.
TASK DESCRIPTION
Clean metal surface of ablator
panel support by wiping with
cheesecloth dampened with
solvent• Allow to air dry for
5 minutes.
Position process control coupo
on nearby work bench and clear
aluminum surface by wiping
with cheesecloth dampened with
solvent• Allow to air dry for
5 minutes.
Place strain isolator on sur-
face of panel support and chec
for proper fit. Remove strain
isolator and place in plastic
bag.
Scrub the surface of the
ablator panel support with
nylon silicone carbide abrasiw
pads and deionized water.
Alternately, scrub the surface
with clean abrasive pads and
wipe with clean water soaked
cheesecloth until all oxide
film and contamination are
removed. Change abrasive pads
frequently• Continue cleaning
using clean cloths, until
wiping cloth shows no removabl,
oxide film.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION IN_TAT,T,ATTC)N (TNTTTAT,)
• HEAT SHIELD TYPE ABLATOR (WITH STIL_IN ISOLATOR)
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETERS (21•70 X 55,66 INCHES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
I PRODUCTIVE TASKTASK MAN MAN MAN MAN '- PRODUCTIVE TIME (MAN-HR)
DUR NO. 1 NO. 2 NO. 3 NO. 4 TIME (MAN-HR) DURATION
+CURE TIME
ACTUAL EST
(SEC) _SEC) (SEC) (SEC) (SEC) ACTUAL EST (HR)
NOTE:
In cl,.aninglmetal surfac_ of p_nel sup] ort,
the u:_e of )rotec:ive goggles cr eyesh:elds,
respi :ators and :ubber _loves are man(atory
safer r equi )ment.
122 122 - .034 .033 .034 .033 .034
47
116 99
381381
47
116
i
381
96
- •013
- •086
.212
•O04
.050
.200
.047 •037
l
.133 .087
.345 1 .287
!
1
i
J
p
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
.047
.079
• 185
i
Protective Goggles or
Eyeshield
Respirator
Rubber Gloves
Cheesecloth
Methyl Ethyl Ketone
(MEK)
I
I
I Strain Isolator
64T020018-2001
Cotton Gloves
Protective Goggles or
Eyeshlelds
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Delonlzed Water
GENERAL COMMENTS
,r-T----_
Table A-1 (Continued)
>
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TASK
NO.
6A
7A
8
9
i0
ii
TASK DESCRIPTION
Scrub the surface of aluminum
process control coupon as
specified per Task No. 4
Rinse surface of ablator
panel support with deionized
water. Apply with saturated
cheesecloth. Check for water
break free surface.
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No. 4
Repeat Task No. 6
Rinse surface of aluminum pro-
cess control coupon as speclfiel
)er Task No. 6.
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No. 5
Repeat Task No. 7
Dry surface of panel support
with cheesecloth.
Dry surface of process control
coupon with cheesecloth.
Check humidity.
Apply a thin film of silicone
primer to the ablator panel
support. Apply primer in a
uniform coating over the entire
surface to be bonded. Allow
primer to cure for minimum of
3 1/2 to 4 hours at a relative
humidity of 40 to 70 percent.
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTAT,I.ATION (INITIAL_
• HEAT SHIELD TYPE ABLATOR (WITH STRATN TROTATOR_
• ATTACH CONCEPT BONDED
• PANELSIZE ,5,5.1 X 141.4 CENTIMETEItq (21.70 X 55-_ TNCHES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
TASK MAN MAN MAN MAN E PRODUCTIVE TIME (MAN-HR) DURATION
DUN NO. l NO. 2 NO. 3 NO. 4 TIME (MAN-HR) +CURE TIME
ACTUAL EST
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL! EST (HR)
122 122 - - .034 .008 .379 .295 .219
102 92 - 102 - .054 .067 .433 .362 .247
49 39 49 - .024 .008 .457 .370 .261
75 75 - - .021 .033 .478 .403 .282
22 22 - - - .006 .004 .484 .407 .288
22 - 22 - .006 - .490 - .294
164 164 - - .046 .089 .536 .496 .340
_OTE : s.
Do no prime if riLlatiw humld.ty exceeds these lim:
Keep _rimer surfa, Fe free from :ont_mi _ants.
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Cheesecloth
Delonlzed Water
tubber Gloves
Cheesecloth
Iheesecloth
Humidity Gage
GE SS4155 Primer
Protective Goggles or
Eyeshields
Rubber Gloves
Paint Brush
GENERAL COMENTS
Table A-1 (Continued)
>
I
TASK TASK DESCRIPTION
NO.
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISOLATOR)
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
12 Apply a thin film of silicone
primer over the surface of
process control coupon as
specified per Task No. ii.
13 Inspect primer application on
panel support and verify cure
cycle.
14 Inspect primer application on
process control coupon and
verify cure cycle.
15 Mix silicone adhesive in the
following ratio: i00 grams of
resin - RTV 560 and 0.3 grams
(30 drops) of catalyst thermo-
iite (T-12). Mix RTV 560 in
its container by hand, using a
metal spatula. Mix well for 2
to 3 minutes. Weigh out
required quantity of RTV-560
for bonding operation. Use
clean, degreased (MEK) con-
tainer. Measure the required
amount of catalyst over the
surface of the RTV-560 in
accordance with the indicated
ratio. Gently blend the cataly_
into the RTV-560 by hand with
metal spatula only. Continue
mixing for minimum of 5
mintues. Scrape sides of con-
tainer intermittenly to assure
no catalyst has migrated to
walls of container.
16 Using a clean, degreased and
dry stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) ofI
icatalyzed RTV 560 to the primed
panel support.
INDIVIDUAL TASK TIME CUMULATIVE
CUMULATIVE
i PRODUCTIVE TASK
TASK MAN MAN MAN MAN Z PRODUCTIVE TIMEIMAN-HR)
DUR NO. 2 NO. 2 NO. 3 NO. 4 I TIME(MAN HR) DURATION
ACTUAL EST +CURE TIME
(SEC ISEC) (SEC), /SEC) (SEC) ACTUAL EST (HR)
31 31
92
- .009 .004 .545 .500 .349
92 .026 .033 .571 .533 4.125
44 - 44 .012 .007
791 783 i 791 - .438 .500
690 690
!
.192 .356
.583 .540
1.021 1.040
i
i
1
i
i
r
1.213 !1.396
k
I i
4.137
4.329
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Flashlight
RTV 560 Adhesive
T-12 Catalyst
Spatulas (Metal Only)
Gram Scale (Balance)
Rubber Gloves
Mixing Container
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Protective Goggles or
Eyeshields
GENERAL cor,'_IENTS
Table A-] (Continued)
>
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TASK TASK DESCRIPTION
NO.
MAINTENANCETASKSCHEDULE
. TASK FUNCTION TN_TAT.T.ATTON (TNTTTAT.)
• HEAT SHIELD TYPE ABLATOR (WITH STP__I_N ISOLATOR)
• ATTACH CONCEPT BONDED
,,PANEL SIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55,66 IN__N._HES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE TASKi
TASK MAN MAN MAN MAN I Z PRODUCTIVE TIME (MAN-RR)
DUR NO. I NO. 2 NO. 3 NO. 4 TIME (MAN-HR) DURATION
+ CURE TIME
(SEC) (SEC) (SEC) (SECI (SEC) ACTUAL EST
ACTUAL EST (RR)
17 Using a stiff paint brush and 90 90
paint roller, apply approxi-
mately 0.038 to 0.051 cm (0.015
to 0.020 in) of catalyzed RTV
560 to primed process control
coupon.
18 Inspect adhesive on panel 44
support for proper application.
19 Inspect adhesive on process 21 -
control coupon for proper
application.
20 Visually inspect strain 53 -
isolator for obvious damage
and cleanllness.
21 Visually inspect strain 19 -
isolator for process control
coupon for obvious damage and
cleanliness.
22 Place strain isolator on pres-
sure plate and bond to panel
support. Position pressure
support stand and pressure bag
beneath pressure plate. Slowly
l inflate pressure bag until the
ipressure plate evenly supports
the strain isolator with 13.8 to
i34.6 kN/m 2 (2 to 5 PSI) for 24
!hours.
23 iBond strain isolator to process 51 51 -
icontrol coupon. Add pressure
plate and weights to evenly
apply 13.8 to 34.6 kN/m 2
(2 to 5 PSI) for 24 hours.
24 Check pressure support setup 71
and verify cure cycle.
- .025 .009 1.238 1.405 4.354
44 -
21
.012 .033 1.250 1.438 4.366
•006 .007 i 1.256 1.445 4.372
t
1.271 1.462
1.276 1.466
!
1.397 1.599
I
[
! 1o411 1.607
53 - .015 .017
19 .005 .004
143 104 133 143 56 .121 .133
- .014 .008
4.387
4.392
4.432
4.446
- 71 - .020 .017 1.431 1.624 28.466
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Flashlight
1 Strain Isolator
64T020018-2001
Support Stand
Air Pressure Bag
(Inner Tube)
Pressure Plate
Air Pressure Source
Air Pressure Regulator
Strain Isolator
Pressure Plate
Weights
GENERAL CO/f#_ENTS
Man No. 2 & 3
positioned isolator
on Pad, using same
to position isolator
on panel support
Man No. 1 & 4 posltionE
support stand and
pressure bags
>I
oo
Table A-1 (Continued)
TASK
NO.
44
45
46
47
48
49
50
51
MAINTENANCE TASK SCHEDULE
• TASKFUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR _WITH STRAIN ISOLATOR)_
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
TASKDESCRIPTION TASK
DUR
(SEC)
Using a stiff paint brush and 27
paint roller, apply approxi-
mately 0.038 to 0.051 cm (0.015
to 0.020 in) of catalyzed RTV
560 to strain isolator bonded
on process control coupon.
Remove tape from edges of
ablator panels.
Inspect adhesive on strain : 35
isolator bonded to panel suppori
for proper application, i
Inspect adhesive on strain i 14
isolator bonded to process con-!
trol coupon for proper appli-
cation.
Using a stiff paint brush and 288
paint roller, apply approxi-
mately 0.038 to 0.051 cm ,I
(O.015 to 0.020 in) of catalyzed
RTV 560 to process control
ablator panel.
Using a stiff paint brush and 47
paint roller, apply approxi-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to process
control ablator panel.
Inspect adhesive on ablator 26
panel for proper application.
Inspect adhesive on process 14
control ablator panel for
proper application.
44
MAN
NO. i
(SEC)
27
288
36
I -
MAN MAN
NO. 2 NO. 3
(SEC) (SEC)
INDIVIDUAL TASK TIME
MAN I "SPRODUCTIVE
NO. 4 TIME (MAN-HR)
44
288
3;
14
26
14
47
(SEC)
ACTUAL
.008
.012
.010
•OO4
.160
.023
.O07
.004
EST
.009
.033
.007
.356
.009
.033
.O07
CUMULATIVE
PRODUCTIVE
TIME(MAN-HR)
ACTUAL EST
2.411 3.349
2.423 -
2.433 3.382
2.437 3.389
2.597 3.745
2.620 3.754
, 2.627 3.787
2.631 3.?94
I
CUMULATIVE
TASK
DURATION
+ CURE TIME
(HR)
30.041
30.053
30.063
I
!30.067
30.147
30.160
30.167
30.171
TOOLS, EQUIPMENT,
MATERIALAND/OR
PARTS REQUIRED
Flashlight
i Ablator Panel
64T020016-I007
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
GENERAL COMMENTS
Man No. i applied
Adhesive with Brush
Man No. 2 Spread
Adhesive with Roller
Table A-1 (Continued)
>
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TASK TASK DESCRIPTION
NO.
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISOLATOR)
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 14_1.4 CENTIMETERS (21.70 X 55.66 INCHES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE TASKI
TASK MAN MAN MAN MAN I _ PRODUCTIVE TIME (MAN-HR) DURATION
DUR NO. I NO. 2 NO. 3 NO. 4 TIME (MAN-HR)
+ CURE TIME
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL EST
ACTUAL EST (HR)
3 374 374 195 .365 .133 2.995 3.927 30.27552 Position and align the ablator 374
panel on the strain isolator.
Install spacers to insure proper
gap control. Position support
stand, air pressure bag, and
pressure plate. Slowly inflate
pressure bag, until pressure
plate evenly supports the
ablator panel with approximatel F
13.8 to 34.6 kN/m 2 (2 to 5 psi)
for 24 hours.
53 Bond ablator panel on process 39
control coupon. Add pressure
plate and weights to evenly
apply 13.8 to 34.6 kN/m 2 (2 to
5 PSI) for 24 hours•
54 Check pressure support setup 57
and verify cure cycle.
55 Check pressure setup on process 44
control coupon and verify cure
cycle.
56 Deflate pressure bag, remove 125
pressure plate, pressure bag,
support stand, and gap spacers.
57 Remove weights and pressure 20
plate from process control
coupon.
58 Inspect ablator panel for prope 69
installation, mismatch and gap
dimensions.
58A If mismatch exceeds design
requirements, sand edges of
ablator panel to eliminate
excessive mismatch.
125
20
1 $
- .011
- .016
- .012
- .069
- .006
- .019
.008
.017
.007
.067
•004
.033
3•007 3.935 30.286
3.023 3.952 54.302
3.035 3.959 54.314
3.104
3.110
3.129
4.026 54.349
4.030 54.355
4.063 54.374
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Support Stand
Air Pressure Bag
Pressure Plate
Cotton Gloves
Air Pressure Source
Pressure Plate
Weights
Cotton Gloves
Flashlight
Gap Gage
GENERAL CO_ENTS
No. I & 2 positioned
panel assy.
No. 3 & 4 positioned
pressure plate, air
ibags & support stand
Table A-1 (Continued)
>
I
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TASK
NO.
58B
59
TASK DESCRIPTtON
Inspect reworked areas for mis-
match conditions and obvious
damage.
Inspect process control
ablator panel for proper
installation.
TASK
OUR
(SEC)
2O
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISOLATOR)
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
MAN
NO.I
(SEC)
INDIVIDUAL TASK TIME
MAN
NO. 2
(SEC)
f MAN
NO. 3
(SEC)
2O
I
I
MAN I Z PRODUCTIVE
NO. 4 TIME(MAN-HR)
(SEC)
ACTUAL EST
- .006 .007
J
I
I
I CUMULATIVE
I PRODUCTIVE
TIME (MAN-HR)
ACTUAL EST
3.135 4.070
I
I
i
I
r
{
CUMULATIVE
TASK
DURATION
+CURE TIME
(HR)
54.380
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
GENERAL CO_ENTS
Table A-2
>
I
TASK
NO
1.
2.
3.
4.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
.PANELSIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
TASK DESCRIPTION
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
TASK MAN MAN MAN MAN Z PRODUCTIVE TIME (MAN-HR) DURATION
DUR NO. ] NO. 2 NO. 3 NO. 4 TIME (MAN-HR) +CURE TIME
SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL EST
ACTUAL EST (HR)
NOTE :
In cl_.anln_ metal surfac =- of s_pport p nel,
the u)e of _rotec:ive gcggles r eyesh elds,
respi:atorsl and cubber gioves are man atory
safet equi I_ment.
123 123 - .034 .033 .034 .033 .034Clean metal surface of ablator
panel support by wiping with
cheesecloth dampened with
solvent. Allow to air dry for
5 minutes.
Position process control coupon
on nearby workbench and clean
aluminum surface by wiping with
cheesecloth dampened with
solvent. Allow to air dry for
5 minutes.
Scrub the surface of the
ablator panel support with
nylon silicone carbide abrasive
pads and deionized water.
Alternately, scrub the surface
with clean abrasive pads and
wipe wlth clean water soaked
cheesecloth until all oxide
film and contamination are
removed. Change abrasive pads
frequently. Continue cleaning,
using clean cloths, until the
wiping cloths shows no remov-
able oxide film.
Scrub surface of aluminum
process control coupon as
specified per Task No. 3.
32 32 - .009 .004 .043 .037 .043
589 494 589 - .302 .200
i01 I01 - - - .028 .008
.345 .237 .207
.373 .245 .235
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Protective Goggles or
Eyeshield
Respirator
Rubber Gloves
Cheesecloth
Methyl Ethyl Ketone
(MEK)
Protective Goggles or
Eyeshlelds
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Delonlzed Water
GENERAL COMMENTS
>I
r,o
Table A-2 (Continued)
TASK
NO.
5.
5A
6•
6A
7•
8.
9.
i0.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR
• ATTACHCONCEP]. BONDED
. PANEL SIZE __ 55_I__X141.4 CENTIMETER (21.70 X 55.66 INCHES)
TASK DESCRIPTION
Rinse surface of ablator panel
support with deionized water•
Apply with saturated cheese-
cloth. Check for water break
free surface•
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No. 3
Repeat Task No. 5
Rinse surface of aluminum pro-
cess control coupon as specif-
ied per Task No. 5.
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No• 3
Repeat Task No. 5
Dry surface of panel support
with cheesecloth.
Dry surface of process control
coupon with cheesecloth.
Check Humidity
Apply a thin film of silicone
primer to the ablator panel
support. Apply primer in a
uniform coating over the entire
surface to be bonded• Allow
primer to cure for minimum of
3 1/2 to 4 hours at a relative
humidity of 40 to 70 percent•
TASK
DUR
(SEC)
MAN
NO. 1
(SEC)
CUMULATIVE
TASK
MAN MAN DURATION
NO. 2 NO. 3 +CURE TIME
(SEC) (SEC) (NR)
92 - 92
322 322 -
97 - 107
29 29
56
19
i
- ! 24
123
INDIVIDUAL TASK TIME CUMULATIVE
PRODUCTIVEi
MAN I v PRODUCTIVE TIME (MAN- HR)
NO. 4 TIME (MAN-HR)
(SEC) ACTUAL EST
ACTUAL EST
- •051 .067 •424 •312
- .603 -
- .660 -
108 . 76 . 20
• 33 .692 .353
.004 .697 .357
- .704 -
:- .0 9 .737 .446
humidityexce4ds
l_d surflace fre !
! i
.179
.057
•016
.016
I
- ! .005
I
i I
.007
- .033
i
NOTE:
Do no I prim_ if r_lative
these|limit_. Ke!p prim
from ion tam!nant s I
I i
.261
• 351
• 381
.389
.405
.410
.417
.450
L
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Cheesecloth
Deionlzed Water
Rubber Gloves
Cheesecloth
Humidity Gage
Protective Goggles or
Eyeshields
Rubber Gloves
GE SS4155 Primer
Paint Brush
GENERAL C01'_ENTS
Table A-2 (Continued)
>
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TASK
NO.
TASK DESCRIPTION
Apply a thin film of silicone
primer over the surface of
process control coupon as
specified per Task No. i0.
Inspect primer application on
panel support and verify cure
cycle.
Inspect primer application on
process control coupon and
verify cure cycle.
Visually inspect ablator panel
for obvious damage and
cleanliness.
Visually inspect process con-
trol ablator panel for obvious
damage and cleanliness.
Trial fit ablator panel. Check
mismatch and gap condition.
Clean surface of ablator panel
by wiping with cheesecloth
dampened with isopropyl
alchol. Allow to air dry for
1 hour (min).
Clean surface of process con-
trol ablator panel by wiping
with cheesecloth dampened with
isoproypl alcohol. Allow to
air dry for i hour (min).
Inspect ablator panel for
cleanliness and verify drying
time.
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETER _21.70 X 55.66 INCHES)
TASK MAN
DUR NO. 1
(SEC) (SEC)
21 Zl
77
28 -
]]
54 : 21
20
51 49
iii iii
18 18
46 -
I
I
L
INDIVIDUAL TASK TIME
MAN
NO. 2
(SEC)
1 CUMULATIVE CUMULATIVE
I PRODUCTIVE TASK
MAN MAN i. "z PRODUCTIVE TIME (MAN-FIR) DURATION
NO. 3 NO. 4 TIME (MAN-HR) +CURE TIME
(SEC) (SECI ACTUAL EST
ACTUAL EST (HR)
77
28
54
20
51
46
.006 .004
!
.021 .033
- .008 .007
- .021 .033
- .006 .004
I i
- .041 .600
- .031 .033
!
- .005 .004
1
- .013 .017
i
i i,_ _
.456
4.227
4.235
4.250
4.256
4.270
4.301
4. 306
!1.181 5.319
i
I
L
! L
]
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Flashlight
Ablator Panel
64T020016-I005
Cotton Gloves
Isopropyl Alcohol
Cheesecloth
Rubber Gloves
GENERAL COMMENTS
Man No. i & 3
Handled Panel
Assembly
Man No. 3 Performed
Inspection
>
l
TASK TASK DESCRIPTION
NO.
Table A-2 (Continued)
20. Inspect process control
ablator panel for cleanliness
and verify drying time.
21. Mix silicone adhesive in the
following ratio: i00 grams of
resin - RTV 560 and 0.3 grams
(30 drops) of catalyst
thermolite (T-12). Mix RTV 560
in its container by hand using
a metal spatula. Mix well for
2 to 3 minutes. Weigh out
required quantity of RTV-560
for bonding operation. Use
clean, degreased (MEK) con-
tainer. Measure the required
amount of catalyst over the
surface of the TRV-560 in
accordance with the indicated
ratio. Gently blend the
catalyst into the RTV-560 by
hand with metal spatula only.
!Continue mixing for minimum
of 5 minutes. Scrape sides of
container intermittenly to
assure no catalyst has migrated
to walls of container.
22. Apply tape to edges of installe
ablator panels.
23. Using a clean, degreased and
dry stiff paint brush and paint
roller, apply approximately
0.038 to 0.051 cm (0.015 to
0.020 in) of catalyzed RTV
560 to the primed panel
support.
24. Using a stiff paint brush and
)aint roller, apply approxi-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of catalyze
RTV 560 to surface of process
control coupon.
TASK MAN
DUR NO. 1
(SEC) (SEC)
24
928
82
380 0
81 70
J
MAINTENANCETASKSCHEDULE
o TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ____.A.BLATOR
• ATTACH CONCEPT BONDED
• PANEL SIZE ..... _i>[ 141_ CENTIMETER (21 .70 X 55.66 TNCHES)
INDIVIDUAL TASK TIME
MAN MAN MAN I "_ PRODUCTIVE
NO. 2 NO. 3 NO. 4 TIME (MAN-HR)
(SEC) (SEC) (SEC) ACTUAL EST'
915
380
81
24 .007
928
82
J
!
i
I
I
I
]
.512
.023
.211
.042
CUMULATIVE
PRODUCTIVE
TIME(MAN-HR)
ACTUAL EST
.007 .896 1.188
.500 [.408 1.688
I
I
i
r r
i I
I '
- 1.431
.356 1.642 i2.044
i
I
r i
r _
I
.009 I1.684 ; -,2 .@53
i
I i
I
CUMULATIVE
TASK
DURATION
+CURE TIME
(HR)
5.326
5.349
i 5.455
5.478
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
RVT 560 Adhesive
T-12 Catalyst
iSpatulas (Metal Only)
!Gram Scale (Balance)
iRubber Gloves
Mixing Container
Masking Tape
RTV 560 adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Protective Goggles or
Eyeshields
GENERAL COMMENTS
Table A-2 (Continued)
>
I
TASK
NO.
25.
26.
27.
28.
29.
30.
31.
32.
33.
TASK DESCRIPTION TASK MAN
DUR NO.]
(SEC) (SEC)
Remove tape from edges of 66
ablator panels.
Inspect adhesive on surface of 48 -
panel support for proper
application.
Inspect adhesive on surface of 13
process control coupon for
proper application.
Using a stiff paint brush and 378 378
paint roller, apply approxl-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to ablator
panel.
Using a stiff paint brush and 62 62
paint roller, apply approxl-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to process
control ablator panel.
Inspect adhesive on ablator 45 -
panel for proper application.
Inspect adhesive on process 12 -
control ablator panel for
proper application.
Install spacers for gap con- 119 119
trol.
Position and align the ablator 206 185
panel on the panel support.
Position support stand; air
pressure bag and pressure
plate. Slowly inflate pressure
bag, until pressure plate evenll,
supports the ablator panel with
approximately 13.8 to 34.6 kN/m2
(2 to 5 PSI) for 24 hours. I
I
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
ABLATOR• HEAT SHIELD TYPE
• ATTACH CONCEPT BONDED
,PANELSIZE 55.1 X 141.4 CENTIMETER (21.70 X 55.66 INCHES)
INDIVIDUAL TASK TIME
MAN MAN MAN I _ PRODUCTIVE
NO. 2 NO. 3 NO. 4 TIME (MAN-HR)
(SEC) (SEO (SEC)
ACTUAL EST
CUMULATIVE CUMULATIVE
PRODUCTIVE
TASK
TIME (MAN-HR) DURATION
+ CURE TIME
ACTUAL EST
(HR)
- 66 - .018 - 1.702 - 5.496
48 - .013 .033 1.715 2.086 5.509
378
62
2, )6
13 - .004 .007 1,719 2.093 5.513
45
12
.210 .356 1.929 2.449 5,618
.034
.013
,003
.033
.189
.009
.033
.007
.13320_ 82
1.963 2.458 5.635
1.976 2.491 5.648
1.979 2.498 5.651
2.012 5.684
2.201 2,631 5.741
TOOLS, EQUIPMENT,
MATERIAL AND'OR
PARTS REQUIRED
Flashlight
i Ablator Panel
64T020016-I005
Paint Roller
Stiff Paint Brush
Rubber Gloves
RTV 560 Adhesive
Spacers
Masking Tape
Support Stand
Air Pressure Bag
Pressure Plate
Air Pressure Source
Cotton Gloves
GENERAL COMMENTS
Man No. 2 & 3 position(
panel
Man No. I & 4 position(
pressure plate, air
bags and support star
>I
TASK
NO.
8A
i0
ii
12
TASK DESCRIPTION
Scrub the surface of the
ablator panel support with
nylon silicone carbide abrasive
pads and deionized water.
Alternately, scrub the surface
with clean abrasive pads and
wipe with clean water soaked
cheesecloth until all oxide
film and contamination are
removed. Change abrasive pads
frequently. Continue cleaning,
using clean cloths, until the
wiping cloths shows no removabl
oxide film.
Scrub surface of aluminum
process control coupon as
specified per Task No. 6.
Rinse surface of ablator
panel support with deionized
water. Apply with saturated
cheesecloth. Check for water
break free surface.
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No. 6
Repeat Task No. 8
Rinse surface of aluminum pro-
cess control coupon as specif-
ied per Task No. 8.
Dry surface of ablator panel
support with cheesecloth.
Dry surface of process control
coupon with cheesecloth.
Check humidity gage.
Table A-3 (Continued)
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
•HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT _ BONDED
• PANELSlZE 55.1 X 70.5 CENTI_2/_ (21.70 X 27.74 TNCHES)
INDIVIDUAL TASK TIME CUMULATIVE
CUMULATIVE
PRODUCTIVE TASKTASK MAN MAN MAN MAN Z PRODUCTIVE TIME (MAN-HR)
DUR NO. 1 NO. 2 NO. 3 NO. 4 I TIME (MAN-HR DURATION
(SEC) (SEC) (SEC) (SEC) (SEC) i ACTUAL EST +CURE TIME
ACTUAL EST (RR)
579 579 454 - .288 .200 .384 .858 .240
125
112
378
106
17
46
14
29
125
112
378
94
17
46
14
I
I
378
.035 .008 .419
I 2 •062
r
I
.210
.056
.009
.067
.008
.013 .033
.004 .004
•008 -
.481
•691
.747
.756
.769
.773
.781
.866 .275
.933 .306
•941
•974
978
.411
•440
•445
.458
.462
.470
I
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Protective Goggles or
Eyeshields
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Deionized Water
Cheesecloth
Deionized Water
Rubber Gloves
Cheesecloth
GENERAL COIY_IENTS
TableA-3 (Continued)
>
I
TASK
NO.
13
14
15
16
17
18
19
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (TNITTAL_
,,HEAT SHIELD TYPE ABT.ATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 70.5 CENTIMETER (21.70 X 27.74 TNCRES)
TASK DESCRIPTION
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
._ PRODUCTIVE TASK
TASK MAN MAN MAN MAN _" PRODUCTIVE TIME (MAN-HR) DURATION
DUR NO. 1 NO. 2 NO. 3 NO. 4 TIME (MAN-HR) +CURE TIME
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL ESTACTUAL EST (HR)
Apply a thin film of silicone 148
primer. Apply primer in a
uniform coating over the
entire surface to be bonded.
Allow primer to cure for mlnimu_
of 3 1/2 to 4 hours at a
relative humidity of 40 to 70
percent.
Apply a thin film of silicone
primer over the surface of
process control coupon as
specified per Task No. 13.
Inspect primer appllcatlon on
panel support and verify cure
cycle.
Inspect primer application on
process control coupon and
verify cure cycle.
148 - - .041 .089 .822 1.067 .511
NOTE:
Do no: prl_ if r_-latlw humidity exce_
these limit Ke._p pri_-d surlace fre,
from :ontam nants
_ds
12 12 - - .003 .004 .825 1.071 .514
52
i2
Clean surface of (2) ablator 99
panels by wiping with cheeseclo h
dampened with isopropyl
alcohol. Allow to alr dry for
i hour (mln.).
28Clean surface of process con-
trol ablator panel by wiping
with cheesecloth dampened with
isoproyply alcohol. Allow to
air dry for 1 hour.
99
28
Inspect ablator panels for
cleanliness and verify drying
time.
- 52 - .014 .033 .839 1.104 4.278
- 22 .006
.O28
.0O8
53 .015
h 4
.007 .845 I.iii 4.284
.033 .873 1.144 4.312
.004 .881 1.148 4.320
.017
.896 1.165 4.33553
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Protective Goggles or
Eyeshields
Rubber Gloves
GE SS 4155 Primer
Paint Brush
Flashlight
Isopropyl Alcohol
Cheesecloth
Rubber Gloves
2 Ablator Panels
64T020016-I001
GENERAL COmlENTS
>
i
_O
O
Table A-3 (Continued)
TASK TASK DESCRIPTION
NO.
20 Inspect process control
ablator panel for cleanliness
and verify drying time.
21 Mix silicone adhesive in the
following ratio: i00 grams of
resin - RTV 560 and 0.3 grams
(30 drops) of catalyst
thermolite (T-12). Mix RTV 560
in its container by hand using
a metal spatula. Mix well for
2 to 3 minutes. Weigh out
required quantity of RTV-560
for bonding operation. Use
clean, degreased (MEK) con-
tainer. Measure the required
amount of catalyst over the
surface of the RTV-560 in
accordance with the indicated
ratio. Gently blend the
catalyst into the RTV-560 by
hand with metal spatula only.
Continue mixing for minimum
of 5 minutes. Scrape sides of
container intermittenly to
assure no catalyst has migrated
to walls of container.
22 Apply tape to edges of installe
ablator panel.
23 Using a clean, degreased and
dry stiff paint brush and paint
roller, apply approximately
0.038 to 0.051 em (0.015 to
0.020 in) of catalyzed RTV
560 to the primed panel
support.
24 Using a stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0,051 cm (0.015
to 0.020 in) of catalyzed
RTV 560 to surface of process
control coupon.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (INITIAL)
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANEL SIZE 55 _i X 70.5 CENTIME_TER_21.70 X 27.74 INCHES)
TASK MAN
DUR NO.!
(SEC) {SEC)
31
INDIVIDUAL TASK TIME
MAN [MAN MAN ] Z PRODUCTIVE
NO. 2 I NO. 3 NO. 4 I TIME IMAN-NR)
(SEC) _ ISEC_ (SEC)
ACTUAL EST
i
31 .009 .007
CUMULATIVE CUMULATIVE
PRODUCTIVE
TASK
TIME (MAN-HR) DURATION
+CURE TIME
ACTUAL EST
(HR)
.905 1.172 4.344
846 - 832 846 .466 .500 1.371 1.672 4.579
I
I
108
416
59
- 108
416 416 -
45 59 -
i
- .030
i
i - .231
.029
•356
.009
1.401
1.632 2.028
1.661 2.037
4.609
4.725
4.741
TOOLS, EQUIPMENT,
MATERIAL AND, OR
PARTS REQUIRED
RTV 560 Adhesive
T-12 Catalyst
Spatulas (Metal Only)
Gram Scale (Balance)
Rubber Gloves
Mixing Container
Masking Tape
RTV 560 adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Protective Goggles or
Eyeshields
GENERAL COMMENTS
Table A-3 (Continued)
>
I
TASK TASK DESCRIPTION
NO.
25 Remove tape from edges of
ablator panels.
26 Inspect adhesive on surface of
panel support for proper
application.
27 Inspect adhesive on surface of
process control coupon for
proper application.
28 Using a stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0_051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to process
control ablator panel.
29 Using a stiff paint brush or
metal spatula, apply approxi-
mately 0,038 to 0,051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to ablator
)anels°
30 Inspect adhesive on ahlator
panels for proper application.
31 Inspect adhesive on process
control ablator panel for
proper application.
32 Install spacers for gap control
33 Position and align each ablator
panel on the panel support.
Install spacers to insure propel
gap control. Position support
stand; air pressure bag and
pressure plate. Slowly inflate
pressure bag, until pressure
plate evenly supports the
ablator panel with approximatel
13.8 to 34.6 kN/m 2 (2 to 5 PSI)
for 24 hours.
TASK MAN
DUR NO.I
SEC) (SEC)
33
40
17
MAINTENANCETASKSCHEDULE
INSTAl T ATION (INITIAL_
. TASK FUNCTION
• HEAT SHIELD TYPE ABI_TOR
• ATTACH CONCEPT BONDED
• PANEL SIZE ___ 55.1 X 70.5 CENTIMETER (21.70 X 27.74 INCHES)
1330 330 330
47 31 47
35
i0
L148
275
i -
I
148
275 275
INDIVIDUAL TASK TIME
MAN MAN MAN t Z PRODUCTIVE
NO. 2 NO. 3 NO. 4 TIME(MAN-HR)
SEC) (SEC) (SEC) ACTUAL! EST
.009 -
.011 .033
.005 .007
i .184 .356
.022i.009
.OlO .033
.003 .007
.041 -
.219 .133
I
!
33 -
40
17
k
i
i
35 -
i ,
L
10 -
239 -
L
I
I
h
I
I I ,
s CUMULATIVE
PRODUCTIVE
TIME(MAN-HR)
ACTUAL EST
i
i.670
1.680 070
1.685 077
1
1.869 433
[
11.891 ,442
1.901 2.475
1
1.904 2.482
1.945 ! -
2.164 2.615
L
I
I
CUMULATIVE
TASK
DURATION
+CURE TIME
(HR)
4.750
4.761
4.766
4.858
4.871
4.881
4.884
4.925
5.001
TOOLS, EQUIPMENT.
MATERIAL AND/OR
PARTS REQUIRED
Flashlight
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Support Stand
Air Pressure Bag
Pressure Plate
Air Pressure Source
Cotton Gloves
GENERAL COImENTS
Man No. i & 3 position_
panels
Man No. 2 positioned
pressure plate
Man No. 1 & 2 position,
support stand
>
I
NO
_.)
Table A- 3 (Continued)
TASK TASK OESCRIPllON
NO
MAINTENANCE TASK SCHEDULE
• TASK FUN;]TION INSEALI_ATION (INITIAL_ .......
• HEAT SHIELD TYPE ._ A]_LATOR
• ATTACH CONCEPT BONDED
.PANELSIZE 55.1 X 70.5 CENTIM_TE__(2i,_ _,_A__INEHES)
34 Bond ablator panel on process
control coupon. Add pressure
plate and weights to ewmiy
apply 13.8 to 34.6 _/m 2
(2 to 5 PSI) for 24 hours.
35 Check pressure support setup
and verify cure cycle.
36 Check pressure setup _n process
control coupon and verify cure
cycle.
37 Deflate pressure bag. Remove
pressure plate, pressure bag,
support stand and gap spacers.
38 Remove weights and pressure
plate from process control
coupon.
39 Inspect ablator panels
for proper installation, mis-
match and gap dimensions.
39A If mismatch exceeds design
requirements, sand edges of
ablator panel to eliminate
excessive mismatch.
39B Inspect reworked areas for mis-
match conditions and obvious
damage.
40 Inspect process control
ablator panel for proper
installation.
INUIVID:JAL TASK T!_E CU'_ULATIVE
• -- _ ................... PRODUCTIVE
TASK
DUR
SEC_
I
35
61
17
246
]5
S8
22
MAN MAN ',_4_
NO. ! NO. 2 NO
ISECI fSEC_ _ECI
35
- 61
- [7
246 246
15
88
- 22
icur,IuLATIVE
TASK
;F,N ! PRODUCTIVE TIME MANHR_ J DURATION
NO _ T_ME_
SEC ,_._7_&LI EST I ACTJAL EST +CURErlMEIHR)
.0[0 .008 2.174 2.623 5.011
,O17 .017 2.191 2.640 29.028
.005 .007 2,196 2.647 29.033
•137 .067 2.333 2.714 29.101
.004 ,O04 2.337 2.718 29.105
.O24 .033 2.361 2.751 29.129
•006 .007 12.367 2.758 29.135
TOOLS. EQUIPMENT
MATERIAL AND 'OR
PARTS REQUIRED
Pressure Plate
Weights
Cotton Gloves
Flashlight
Gap Gage
GENERAL COMMENTS
Table A-4
>
I
c,o
]ASK
NO.
TASK DESCRIPTION
Install tape on ablator panels
adjacent to gaps.
Mix caulking compound in the
prepackaged catridges. Fill
gaps between ablator panels
with silicone caulking compound.
Smooth bead and remove excess
material. Remove masking tape.
I
Verify cure cycle.
After cure, inspect caulking
for voids and mismatch con-
dition.
i Repair voids as required.
Inspect repaired areas.
TASK
DUR
{SEC)
890
3335
92
125
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION CAULK GAPS (INITIAL INSTALLATION)
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
, PANEL SIZE __ .46 X 5.08 X 955 CENTIMETERS (.18 X 2.0 X 376 INCHES)
MAN
NO. 1
(SEC)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
I I I PRODUCTIVE TASKMAN MAN MAN Z PRODUCTIVE TIME (MAN-HR) DURATION
NO. 2 NO. 3 I NO, 4 TIME IMAN-HRI + CURE TIME
ACTUAL EST
(SEC) (SEC) (SEC') ACTUAL EST (HR)
I
- 890 ! 890 - .494 - .494 .247
3239 3335 2398 - 2.492 1.000 2.986 1.173
I
.026 0.030
.035 0 .i00
I
i
i 3.012 25.199
[ 3.047 25.234
I
_
i_
!
i
I
I
ii
I
I
I
TOOLS, EQUIPMENT,
MATERIAL AND 'OR
PARTS REQUIRED
Masking Tape
Scissors
Rubber Gloves
RTV 88 Caulking
Compound
Semco Caulking Gun
Air Pressure Source
Air Pressure Regulator
Putty Knife
Cheesecloth
Flashlight
Feeler Gage
GENERAL COMMENTS
Man No. i used caulkin
gun
Man No. 2 followed
caulking nozzle with
putty knife, smoothe(
out beads and remove(
tape
Man No. 3 mixed
compound in catridges
3>I
TASK
NO.
TASK DESCRIPTION
Visually inspect the entire
area of the installed panels
for dents, abrasions, and pit-
marks. Visually inspect the
caulking around the periphery
of each panel for obvious
damage.
TASK
DUR
(SEC)
Table A-5
MAINTENANCE TASK SCHEDULE
, TASK FUNCTION INSPECTION
. HEAT SHIELD TYPE _ ABLATOR
• ATTACH CONCEPT BONDED
• PANELSlZE 55.1 X 70.5 CENTIMETERS_(21.70 X 27.74 INCHES)
55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
97
J
MAN
NO. 1
(SEC)
INDIVIDUAL TASK TIME
MAN
NO. 2
(SEC)
MAN MAN i "_ PRODUCTtVE
NO. 3 NO. 4 TIME (MAN-HR)
(SEC) (SEC! _ EST
97 - .027 .025
i
!Any d
integ
alumi
removll of _blato: panel to pe_
inspe:tion and re )air.
l CUMULATIVE CUMULATIVEPRODUCTIVE
I TIME (MAN_ HR)
TASK
DURATION
ACTUAL EST +CURE TiME
(HR)
.027 .025
] NOTE :
_mage ,f a m_gnitude affedting th,_
:ity c i the iblato_ panel and the
lum su ,port ;tructure wil] warran :
mit fur :her
i j
I
!
i
P
I
!
J
I
I
I
r
I
l
[
i i
, I
i
.027
TOOLS, EQUIPMENT,
MATERIALAND'OR
PARTS REQUIRED
Flashlight
GENERAL COMMENTS
Table A- 6
>
I
TASK
NO.
TASK DESCRIPTION
1ASK 1
DUR
(SEC)
MAINTENANCETASKSCHEDULE
• TASK FUNCTION REMOVE
• HEAT SHIELD TYPE _LATOR WITH STRAIN ISOLATOR
• ATTACH CONCEPT BONDED
• PANEL SIZE_ 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
INDIVIDUAL TASK TLME I CUMULATIVE CUMULATIVE
i I PRODUCTIVE TASK
MAN MAN MAN MAN v PRODUCTIVE TIME (MAN-HR) DURATION
NO. I NO. 2 NO. 3 NO. 4 TIME (MAN-RR) +CURE TIME
ACTUAL EST
(SEC) (SEC) (SEC) (SEC) ACTUAL EST (HR)
Using a 15.2 cm (6 in) diameter
skill saw, cut 5.1 cm (2 in) x
15.2 cm (6 in) slots, 4.4 cm
(1.75 in) deep over the entire
charred ablator area.
Using a putty knife remove
charred ablator. Remove all
ablator material down to the
strain isolator.
Using sharp plastic scrapers
remove strain isolator and
adhesive. Wlpe with cheese-
cloth dampened with solvent as
required.
Inspect support structure for
scratches, nicks and residual
adhesive. Residual adhesive
not to exceed 0.005 cm (0.002
in).
364
848
2367
53
L
364
848
2367
_OTE :
I
In removing ablato= pane]s from_
the u_e of _rotectLve goggles or
respi] ators and vacuum a_e manda '
364 - .202 - .202
848
I
2367 743 I -
h
.471 _.000
1.521 1.200
.673
2.194
- 53 - .015 .067 2.209
IOTE - "A"
I
Most f the strail isola :or pe; led off Ithe pan(
witho1:t req*iring tools. The a_hesive film, i(
was a],plied to th_ panel suppozt only _nd not
isola :or pr or to bondin the solator to the :
upport :;tructure,
eyeshie.ds,
ory saf!ty equipm
- .i01
2.000 .337
i
3.200 .995
3.267 1.010
i support
mils thi
io the str
,anel supp
I
L
!
I i
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
_nt.
Protective Eyeshields
Respirators
Vacuum
Protective Caps
Skill Saw
Protective Eyeshields
Respirators
Protective Caps
Putty Knife
Sharp Plastic Scrapers
Cheesecloth
Methyl Ethyl Ketone
(MEK)
Abrasive Cloth
Flashlight
_k,
Lin
)rt.
GENERAL COMMENTS
Man No. i used vacuum
Man No. 2 removed
ahlator material
Man No. I & 2 removed
strain isolator and
scraped off the
adhesive
Man No. 3 sharpened
plastic scrapers
(See Note "A")
>
I
Table A-7
TASK
NO.
MAINTENANCETASKSCHEDULE
• TASK FUNCTION REMOVE
• HEAT SHIELD TYPE
• ATTACH CONCEPT _ ....
.PANELSIZE ....... ..,SJ.lY_ lZ.i.]_z_ _]]E.NZ.]_._F.,I_S_J:21 7n "k" 5:. ,_ TNCHES)
55.1 X 70.5 CENTIMETERS (21.70 X 27.74 INCHES_
INDIVIDUAL TASK TIME
TASK DESCRIPTION TASK
DUR
(SEC)
---- -- ------1- --- ]MAN MAN MAN MAN _ PRODUCTIVE,
NO. 1 i NO. 2 NO. 3 NO. 4 TIt_E (MAN-HR)
(SEC) I(SEC) (SECI (SEC)
i ACTUAL EST
Using a 15.2 cm (6 in) diameter
skill saw, cut 5.1 cm (2 in) x
15.2 cm (6 in) slots, 4.4 cm
(1.75) deep over the entire
charred ablator area.
Using a putty knife, remove
charred ablator.
Using sharp plastic scrappers
remove remaining adhesive.
Wipe with cheesecloth dampened
with solvent as required.
Inspect support structure for
scratches, nicks, and residual
adhesive. Residual adhesive
not to exceed 0.005 cm (0.002
in).
708
609
3758
68
!In renoving
the u3e of i
respi:ators
708 708 -
609 609 -
3758 3758 1586
- 68
!
I
NOTE :
ablat)r panels froz
_rotec tire gc ggles (
and _aeuum are mal
i - .393
i
i - .338 3.000
I
- 2.528 1.200
I
J I
- .019 .083
1
!
' I
' I
' _ II I L
CUMULATIVE I CUMULATIVE
PRODUCTIVE
TASK
TIME (MAN-HR) DURAT$ON
+CURE TIME
ACTUAL EST
(HR)
L suppor structJre,
r eyesh elds,
datory ;afety e]uipment.
.393 - .197
.731 3.000 .366
3.259 4.200 1.410
3.278 4.283 1.429
TOOLS, EQUIPMENT,
MATERIALAND'OR
PARTS REQUIRED
Protective Eyeshields
Respirators
Vacuum
Protective Caps
Skill Saw
GENERAL COM_IENTS
Protective Eyeshie!ds
Respirators
Protective Caps
Putty Knife
Cheesecloth Man No. i & 2 scraped
Sharp Plastic Scrapers; off the adhesive
Methylethyl Ketone Man No. 3 Sharpened
(MEK) plastic scrapers
Abrasive Cloth
Flashlight
Table A-8
>
I
b_
TASK
NO.
3A
TASK DESCRIPTION
Clean metal surface of ablator
panel support by wiping with
cheesecloth dampened with
solvent. Allow to air dry for
5 minutes.
TASK MAN MAN MAN MAN
DUR NO. I N0.2 NO. 3 NO. 4
(SEC) (SEC) (SEC) (SEC) (SEC)
Scrub the surface of the
ablator panel support with
nylon silicone carbide
abrasive pads and deionized
water. Alternately, scrub
the surface with clean
abrasive pads and wipe with
clean water soaked cheesecloth
until all oxide film and con-
tamination are removed. Change
abrasive pads frequently.
Continue cleaning, using clean
cloths, until the wiping cloths
shows no removable oxide film.
Rinse surface of ablator
panel support with delonized
water. Apply with saturated
cheesecloth. Check for water
break free surface.
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No. 2
Repeat Task No. 3
Dry surface of panel support
with cheesecloth.
121 121
4483 4483
103 92
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY_
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
PRODUCTIVE TIME (MAN-HR) DURATION
TIME (MAN-HR)
+CURE TIME
ACTUAL EST
(HR)
74 74
I [ _a_ing
o _ _t_cti
r .=' _ lov
4483
h _
ACTUAL EST
NOTE:
metal _urfac of supl
ze goggles or eyeshie
_s are mandat ry safe
.034 .067 .034
2.491 .400 2.525
i
i0°300
_ort pan i, the us
.ds, res irators,
:y equip Lent.
.067 .034
.467 1.279
.600 1.308
.667 1.329
I
TOOLS, EQUIPMENT,
MATERIAL AND'OR
PARTS REQUIRED
znd
Protective Goggles or
Eyeshield
Respirator
Rubber Gloves
Cheesecloth
Methyl Ethyl Ketone
(MEK)
Protective Eyeshields
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Dionized Water
Disk Sander
Cheesecloth
Dionlzed Water
Rubber Gloves
Cheesecloth
GENERAL CO_IENTS
One man used the disk
sander while the
other man washed and
scrubbed the area
by hand.
>I50oo
TASK
NO
10
11
12
Table A-8 (Continued)
TASK DESCRIPTION TASK
DUR
(SEC)
Inspect panel Support for nicks
and scratches.
Visually inspect (2) ablator
panels for obvious damage and
cleanliness.
Trial fit ablator panels•
Check mismatch and gap
condition.
Check humidity
Apply a thin film of silicone
primer to the ablator panel
support• Apply primer in a
uniform coating over the entire
surface to be bonded. Allow
primer to cure for minimum of
3 1/2 to 4 hours at a relative
humidity of 40 to 70 percent.
Inspect primer application on
panel support and verify cure
cycle.
Clean surface of ablator panels
by wiping with cheesecloth
dampened with isopropyl
alcohol. Allow to air dry for
i hour (min.).
Inspect ablator panels for
cleanliness and verify drying
time.
53
103
97
36
243
95
146
54
MAN
NO.I
!SEC)
59
97
243
146
I
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY)
• HEAT SHIELD TYPE ABLATOR
. ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETER (21.70 X 55.66 INCHES)
INDIVIDUAL TASK TIME
MAN MAN
NO. 2 NO. 3
(SEC) (SEC)
- 53
- 103
97 93
- 36
I
Do no} prim_
these'limit!
from :ontarrc
- 95
i
I
i
- 54
I
i
I
MAN I _PRODUCTIVE
NO. 4 TIME (MAN-HR)
(SEC) ACTUAl I ES'T
- .015 I .050
- .045 .067
.080 1.200
.010
.068 .178
i
NOTE :
if r*.lative humidJ
• Ke_p primed sur.i
i
nants , I
I
- .026 .067
i
- .041 .067
F
r
I
- .015 .033
!
i L
CUMULATIVE
PRODUCTIVE
TIME(MAN-HR)
ACTUAL EST
2.615 .717
2.660 .784
2.740 t 1.984
2.750
2.818 2.162
;
1
ty exce, _ds
ace fre,_
2.844 2.229
2•885 2.296
2.900 2.329
CUMULATIVE
TASK
DURATION
+CURE TIME
(HR)
1.344
1.373
i. 400
1.410
1.478
5.254
1
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
2 Ablator Panels
64T020016-I005
Cotton Gloves
Humidity Gage
Protective Goggles or
Eyeshields
Rubber Gloves
GE SS4155 Primer
Paint Brush
Flashlight
Isopropyl Alcohol
Cheesecloth
Rubber Gloves
GENERAL COMMENTS
Man No. i & 2 handled
panels
Man No. 3 performed
inspection
Table A-8 (Continued)
>
I
_O
TASK TASK DESCRIPTION
NO.
13 Mix silicone adhesive in the 724
following ratio: i00 grams of
resin - RTV 560 and 0.3 grams
(30 drops) of catalyst
thermolite (T-12). Mix RTV 560
in its container by hand using
a metal spatula. Mix well for
2 to 3 minutes. Weigh out
required quantity of RTV 560
for bonding operation. Use
clean, degreased (MEK) con-
talner. Measure the required
amount of catalyst over the
surface of the RTV-560 in
accordance with the indicated
ratio. Gently blend the
catalyst into the RTV-560 by
hand with metal spatula only.
Continue mixing for minimum of
5 minutes. Scrape sides of
container intermlttenly to
assure no catalyst has migrated
to walls of container.
14 Apply tape to edges of 95
installed ablator panels.
15 Using a clean, degreased and 440
dry stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0.051 cm
0.015 to 0.020 in) of
catalyzed RTV 560 to the panel
primed support,
16 Remove tape from edges of 74
ablator panels.
17 Inspect adhesive on surface of 39
panel support for proper
application.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY_
• HEAT SHIELD TYPE
• ATTACH CONCEPT BONDED
e PANELSIZE 55.1 X 141._JT_(21.70 x 55.66 INCHES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
TASK MAN MAN MAN MAN _ PRODUCTIVE TIME(MAN-HR) DURATION
DUR NO. 1 NO. 2 NO. 3 NO. 4 TIME(MAN-HR) +CURE TIME
ACTUAL EST
(SEC) (SEC) (SEC) SEC) (SEC) ACTUAL EST (8R)
- 724 .402 .500 3.302 2.829 -
95
440
39
I
.026
.244
.021
.011
.356
.034
3.328
3.572
3.593
3.604
3.185
3,219
5.376
5.397
5.408
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
RTV 560 Adhesive
T-12 Catalyst
Spatulas (Metal Only)
Gram Scale (Balance)
Rubber Gloves
Mixing Container
Masking Tape
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Glo_es
Protective Goggles or
Eyeshields
Flashlight
GENERAL COMMENTS
>I
CO
O
Table A-8 (Continued)
TASK
NO.
18
19
20
21
22
23
24
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY)
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETER 121.70 X 55.66 INCHES)
TASK DESCRIPTION
Using a stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to ablator
panel.
Inspect adhesive on ablater
panel for proper application.
Position and align the ablator
panel on the panel support.
Position support stand; air
pressure bag and pressure plate
Slowly inflate pressure bag,
until pressure plate evenly
supports the ablator panel with
approximately 13.8 to 34.6 kN/m 2
(2 to 5 PSI) for 24 hours.
Check pressure support setup
and verify cure cycle.
Install second, large ablator
panel.
Repeat Task No. 14
Repeat Task No. 15
Repeat Task No. 16
Repeat Task No. 17
Repeat Task No. 18
Repeat Task No. 19
Repeat Task No. 20
Repeat Task No. 21
Deflate pressure bag. Remove
pressure plate, pressure bag,
support stand and gap spacers.
Inspect ablator panels for
proper installation, mismatch
and gap dimensions.
TASK
DUR
(SEC)
282
29
292
66
96
328
59
35
330
28
304
61
242
82
MAN
NO.]
!SEC)
282
292
96
328
59
330
304
242
INDIVIDUAL TASK TIME
MAN
NO. 2
(SEC)
282
2 )2
328
330
304
242
r,_AN
NO. 3
(SECI
29
292
i
66
35
28
304
61
82
MAN I Z PRODUCTIVE
NO.4 I TIME(MAN-HR)
(SEC)
ACTUAL EST
- .157 .366
.008 .034
120 .277 .133
- .018 .017
- .027 -
- .182 .356
- .016 -
- .010 ,034
- .183 .366
- .008 .034
138 .292 .133
- .017 .017
.134 .133
.023 .067
CUMULATIVE
PRODUCTIVE
TIMEIMAN HRI
ACTUAL EST
3,761 3,585
3,769 3,619
4.046 3.752
4,064 3.769
I
i
4.091 -
4.273 4,125
4.289
4.299 4.159
4.482 4,525
4.490 4,559
4.782 4.692
4.799 4,709
4,933 4.842
i 4.956 4.909
CUMULATIVE
TASK
DURATION
+CURE TIME
(HR)
5.487
5.495
5.576
129 594
29.940
30.007
30.030
TOOLS, EQUIPMENT,
MATERIALAND/OR
PARTS REQUIRED
i Ablator Panel
64T020016-I005
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Flashlight
I Support Stand
Air Pressure Bag
I Pressure Plate
Air Pressure Source
!Air Pressure Regulator
Flashlight
GENERAL COf_ENT$
Man No. 2 & 3 positione
panel
Man No. i installed
spacers
Man No. 1 & 4 positione
pressure plate,
pressure bags and
support stand
Table A-8 (Continued)
>
I
co
TASK
NO.
24A
24B :
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DI,qPT_Y_
• HEATSHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETER (21.70 X 55.66 INCHES)
TASK DESCRIPTION
If mismatch exceeds design
requirements, sand edges of
ablator panels to eliminate
excessive mismatch.
Inspect reworked areas for mis-
match conditions and obvious
damage.
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
i PRODUCTIVE TASK
TASK MAN MAN MAN MAN _ PRODUCTIVE TIME (MAN-HR) DURATION
DUR NO. 1 NO. 2 NO. 3 NO. 4 TIME (MAN-HR)
+CURE TIME
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL EST
ACTUAL EST (HR)
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
GENERAL COBIENTS
>I
co
_o
|
TASK
NO.
3A
TASK DESCRIPTION TASK I MAN
DUR NO.I
ISEC) _SEC)
Clean metal surface of ablator
panel support by wiping with
cheesecloth dampened with sol-
vent. Allow to air dry for 5
minutes.
Scrub the surface of the
ablator panel support with
nylon silicone carbide abrasive
pads and deionized water.
Alternately scrub the surface
with clean abrasive pads and
wipe with clean water soaked
cheesecloth until all residual
adhesive is removed. Change
abrasive pads frequently.
Wipe around rivet heads with
cheesecloth dampened with sol-
vent. Continue cleaning,
using clean cloths, until the
wiping cloth shows no removable
oxide film.
Rinse surface of ablator
panel support with deionized
water. Apply with saturated
cheesecloth. Check for water
break free surface.
If a water break free surface
is not obtained, repeat the
cleaning procedure.
Repeat Task No. 2
Repeat Task No. 3
3498
66
82 82
;498
56
Table A-9
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY)
• HEAT SHIELD TYPE ABLATOR (WIH_T_TRAIN ISOLATOR_
• ATTACH CONCEPT BONDED
• PANELSIZE 55_i X70._5 C E_ (21.70 X 27.74 INCHES)
INDIVIDUAL TASK TIME
MAN MAN
NO. 2 ! NO. 3
(SEC) ¢SEC)
In cleaning
the use of
respirators
safetF equi
F
MAN I _PRODUCTIVE
NO. 4 TIME (MAN-HR)
(SEC) ACT_ EST
NOTE:
metal isurface of s
)rotective goggles q
and tubber gloves
)ment.
.023 .033
CUMULATIVE CUMULATIVE I
PRODUCTIVE
t TASKTIME IMAN-HR) DURATION
ACTUAL EST +CURE TIME
(HR)
tpport p_nel,
br eyesh: elds
are man! atory
.023 .033 .023
3498
!
66
- 1.943
- .034
i
2.000
.067
1.966
2.000
2.033
2.100
.995
1.013
TOOLS, EQUIPMENT,
MATERIAL AND OR
PARTS REQUIRED
Protective Goggles or
Eyeshield
Respirator
Rubber Gloves
Cheesecloth
Methyl Ethyl Ketone
(MEK)
Protective Goggles or
Eyeshields
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Deionized Water
Disk Sander
Methyl Ethyl Ketone
(MEK)
Plastic Scrapers
Cheesecloth
Deionized Water
Rubber Gloves
GENERAL COMMENTS
Table A-9 (Continued)
>
I
co
TASK
NO.
10
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY)
• HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISOLATOR)
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 70.5 CENTIMETERS (21.70 X 27.74 INCHES)
TASK DESCRIPTION
Dry surface of ablator panel
support with cheesecloth.
Inspect panel support for nicks
and scratches.
Visually inspect strain
isolator for obvious damage
and cleanliness.
Place strain isolator on sur-
face of panel support and check
for proper fit. Remove strain
isolator and place in plastic
bag.
Check humidity
Apply a thin film of silicone
primer to the ablator panel
support. Apply primer in a
uniform coating over the
entire surface to be bonded.
Allow primer to cure for mini-
mum of 3 1/2 to 4 hours at a
relative humidity of 40 to 70
percent.
Inspect primer application on
panel support and verify cure
cycle.
TASK
DUR
(SEC)
65
53
69
79
31
128
96
MAN
NO. 1
(SEC)
65
79
128
)o n
.imi
INDIVIDUAL TASK TIME
FMAN _- PRODUCTIVENO, 2 TIME (MAN-HR)
(SEC) I !SEC) (SEC) iACTUAL EST
CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
TIME (MAN-HR) DURATION
+CURE TIME
ACTUAL EST
(HR)
- 53 -
- ! 69 -
79 73 -
- 31 -
I
t pri_e if elati
s. K'.ep pr reed s
- 96 -
.018 ,033 2.018 2.133
.015 .050 2.033 2,183
.019 .017 2,052 2.200
1
•064 .050 2.116 2.250
•009 - i 2.125 -
.036 .089 2.161 2.339
NOTE:
re hum: _ity e>ceeds t]Lese
•r face _ree fl om eont_,minants
.027 .032 2.188 2,372
1,031
1.046
1,065
1.087
1.096
1.132
4.909
TOOLS, EQUIPMENT,
MATERIAL AND'OR
PARTS REQUIRED
Cheesecloth
Flashlight
i Strain Isolator
64T020018-2001
Cotton Gloves
Humidity Gage
GE SS4155 Primer
Protective Goggles or
Eyeshields
Rubber Gloves
Paint Brush
Flashlight
GENERAL COMMENTS
to
J
CO
TASK TASK DESCRIPTION
NO.
14
15
Table A-9 (Continued)
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY_
• HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISOLATOR)
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 70.5 CENTIMETERS (21.70 X 27.74 INCHES)
TASK
DUR
_SEC>
Ii Mix silicone adhesive in the
following ratio: I00 granm of
resin - RTV 560 and 0.3 grams
(30 drops) of catalyst thermo-
life (T-12). Mix RTV 560 in
its container by hand, using a
metal spatula. Mix well for 2
to 3 minutes. Weigh out
required quantity of RTV-560
for bonding operation. Use
clean degreased (MEK) container i
Measure the required amount of ]
catalyst over the surface of 1
the RTV-560 in accordance with
the indicated ratio. Gently 1
blend the catalyst into the
RTV-560 by hand with metal
spatula only. Continue mixing
for minimum of 5 minutes.
Scrape sides of container inter
mittenly to assure no catalyst
has migrated to walls of con-
tainer, i
L2 Apply tape to edges of j
installed ablator panels. I
13 Using a clean, degreased and [
dry stiff paint brush and paintl
roller, apply approximately [
0.038 to 0.051 cm (0.015 to I
0.020 in) of catalyzed RTV !
I
560 to the primed metal i
support panel.
Remove tape from edges of
ablator panels.
Inspect adhesive on panel
support for proper application.
l
665
98
408
80
37
MAN
NO. 1
rSECI
I 408
i
8O
i
i
i
i
J
INDIVIDUAL TASK TIME
7-- I Z PRODUCTIVEMAN MAN MAN
NO. 2 NO.] NO. 4 TIMEIMAN HR)
(SECI ISECI {SEC) ACT--_ EST
I
653 ! 665
i
408
i
!
i
[
i !
i I
!
I i
[ !
i i
98! -
.366
I
!
!
i .027i
i i
t .227
i - -
I I
F
P
-I- i .022
i J
37 ] - I .010
j r i
i I
i !
i : i
.500
i
i ,356
I
I
i .033
I CUMULATIVE CUMULATIVE
i PRODUCTIVE TASK
TIME (MAN- HR) DURATION
+CURE TIME
ACTUAL EST IHR)
2.554 2.872
!
I l
!
II
i i
I
r
i
i i
i r
i i
! 2.581 _ -
I
i
! 2.P,08 :
i !3.228
i
i
!
2.830
J
I
I 2.8/40 i 3 26i
I
I
i 5.022
1
5.044
I
I 5.054
Ii
;
TOOLS. EQUIPMENT,
MATERIAL AND 'OR
PARTS REQUIRED
RTV 560 Adhesive
iT-12 Catalyst
Spatulas (Metal Only)
iGram Scale (Balance)
Rubber Gloves
Mixing Container
Masking Tape
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Protective Goggles or
Eyeshields
Flashlight
GENERAL COMMENTS
S_-_-io-: r_
-- .
>l
' TASK
NO.
Table A-9 (Continued)
TASK DESCRIPTION
16 Place strain isolator on pres-
sure plate and bond to support
panel. Position pressure
support stand and pressure bag
beneath pressure plate. Slowly
inflate pressure bag until the
pressure plate evenly supports
the strain isolator with approx-
imately 13.8 to 34.6 kN/m 2 I
(2 to 5 PSI) for 24 hours.
17 Check pressure support setup
and verify cure cycle.
18 Deflate pressure bag. Remove
pressure plate, pressure bags,
and pressure support stand.
19 Inspect strain isolator for
proper installation.
20 Visually inspect (2) ablator
panels for obvious damage and
cleanliness.
21 Trial fit ablator panels.
Check mismatch and gap con-
dition.
22 Clean surface of strain
isolator bonded on panel
support by wiping with cheese-
cloth dampened with isopropyl
alcohol. _!low to air dry for
i hour (mln.)
23 Inspect strain isolator bonded
on panel support for cleanlin-
ess and verify drying time.
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAY)
. HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISO_T_
• ATTACH CONCEPT BONDED
.PANELSIZE 55.1 X 70.5 CENTIMETERS (21.70 X 27.74 INCHES)
INDIVIDUAL TASK TIME I CUMULATIVE CUMULATIVE
i PRODUCTIVE TASK
I
TASK MAN MAN MAN MAN Z PRODUCTIVE TIME(MAN-RR) DURATION
DUR NO.I NO, 2 NO. 3 NO. 4 TIME(MAN-HR) +CURE TIME
ACTUAL EST
(SECI ISEC) (SECI, (SEC_ (SEC) ACTUAL EST (HR)
144 i 144 137 67 .137 .133 2.977 3.394
68
106
39
60
93
108
39
106
]
68
39
60
93
39
.019 .017
.059 .050
.011
.017
.048
.030
.011
.033
.017
.6OO
.033
.O17
2.996
3.055
3.066
3.083
3.131
3.161
3.172
3.411
3.461
3.494
3.511
4.111
4.144
4.161
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
i Strain Isolator
64T020018-2001
Support Stand
Air Pressure Bag
(Inner Tube)
Pressure Plate
Air Pressure Source
Air Pressure Regulator
2 Ablator Panels
64T020016-I003
Cotton Gloves
Isopropyl Alcohol
Cheesecloth
Rubber Gloves
Flashlight
GENERAL COMMENTS
Man No. i and 2
positioned isolator
on pad, using same
to position isolator
on panel support.
Man No. 3 and 4
positioned support
stand and pressure
bags.
>
I
GO
O_
TASK
NO.
24
25
26
27
28
29
30
31
32
Table A-9 (Continued)
MAINTENANCETASKSCHEDULE
• TASK FUNCTION INSTALLATION (FINAL DISPLAy)
• HEAT SHIELD TYPE _ ABLATOR (WITH STRAIN ISOLATO_
• ATTACH CONCEPT BONDED
• PANELSIZE . 55.1 X 70.5 CENTIMETERS _X 27.74 INCHES)
TASK DESCRIPTION t TASK --
DUR
(SEC)
Clean surface of ablator panels'
by wiping with cheesecloth
dampened with isopropyl alcohol
Allow to air dry for i hour
(min.).
I
inspect ablator panels for
cleanliness and verify drying
time. [
Mix silicone adhesive as
specified per Task No. ii.
I
l
Apply tape to edges of
installed ablator panels.
Using a clean, degreased and
dry stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0.051 cm
(O.015 to 0.020 in) of
catalyzed RTV 560 to strain
isolator bonded to panel support.
Remove tape from edges of
ablator panels.
J
Inspect adhesive on strain
isolator bonded to panel
support for proper application.
Using a stiff paint brush and
paint roller, apply approxi-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to (2)
ablator panels.
Inspect adhesive on ablator
panels for proper application.
I
83
48
896
159
408
36
34
453
37
MAN
NO]
(SEC)
83
159
408
36
453
I
!
I-
,ND,V,OUALF SKT, E I
MAN I MAN t MAN "Z PRODUCIIVE !
NO. 2 IN03 ! NO4 __--
I 408
i
F
I
1
I
I
453
! -
4
4
]
(SEC) {SEC)
!
I
- 48
i
J
896 896 I
[
I F
1
- I -
I
i -
i
j I
Ii i
i - I -
I :
[ i
34 i -j '
: i
] - i -
: [
i [
1
i 'i
r
! 37! -
L
I :
I
•013 .017 3.208
P
.498 .500 ! 3.706
[4
1.044 i3750
i
i .227 .356 , 3.977
i j i
I j
J
r j
.010 - i 3.987
d
i J
I .009 .033 3.996
1 '
' iJ
F
.252r.356 4.248
I
I
; [
, 1
i OlO .033 ' 4.158
CUMULATIVE
PRODUCTIVE
TIME MAN HRI
EST
4.194
4.211
I 4.711
5.067
J
J
I 5.100
i
I
i
i 5.456
[
! 5.4H9
i
CUMULATIVE
TASK
DURATION
+ CURE TIME
(HR)
29.260
30.273
i -
30.386
!
I
I
;
30. 396
30. 405
t
I
30.531
[
I
!
1
' _0.541
i
!
TOOLS, EQUIPMENT,
MATERIALANDOR
PARTS REQUIRED
Isopropyl Alcohol
Cheesecloth
Rubber Gloves
RTV 560 Adhesive
T-12 Catalyst
Spatulas (Metal Only)
Gram Scale (Balance)
Rubber Gloves
Masking Tape
RTV 560 Adhesive
Paint Roller
Stiff Paint Brush
Rubber Gloves
Protective Goggles or
Eyeshields
Flashlight
2 Ab]ator Panel
64T020016-i003
RTV 560 Adhesive
Paint Roller
i stiff Paint Brush
Rubber Gloves
GENERAL COIVIMENTS
Table A-9 (Continued)
>
I
CO
TASK TASK DESCRIPTION
NO.
MAINTENANCE TASK SCHEDULE
, TASK FUNCTION INSTALLATION (FINAL DISPLAY)
o HEAT SHIELD TYPE ABLATOR (WITH STRAIN ISOLATION)
• ATTACH CONCEPT BONDED
,PANELSIZE 55.1 X 70.5 CENTIMETERS (21.70 X 27.74 INCHES)
33 Position and align the ablator
panel on the strain isolator.
Install spacers to insure prope:
gap control. Position support
stand, air pressure bag, and
pressure plate. Slowly inflate
pressure bag, until pressure
plate evenly supports the
ablator panel with approximatel
13.8 to 34.6 kN/m 2 (2 to 5 PSI)
for 24 hours.
34 Check pressure support setup
and verify cure cycle.
35 Deflate pressure bag, remove
pressure plate, pressure bag,
support stand, and gap spacers.
36 Inspect ablator panels for
proper installation, mismatch
and gap dimensions.
36A If mismatch exceeds design
requirements, sand edges of
ablator panel to eliminate
excessive mismatch.
36B Inspect reworked areas for mis-
match conditions and obvious
damage.
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
i PRODUCTIVE TASK
TASK MAN MAN MAN MAN _ PRODUCTIVE TIME(MAN-HR) DURATION
DUR NO.! NO. 2 NO. 3 NO. 4 I TIME (MAN-HR) +CURE TIME
ACTUAL EST
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL EST (HR)
453 453 453 .378 .133 4.636 30.667
70
188 188
114
188
i
i
.019 .017 4.655 54.686
.i04 .067 4.759 54.738
.032 .033 4.791 54.770
!
H L
" i
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Support Stand
Air Pressure Bag
Pressure Plate
Cotton Gloves
Air Pressure Source
Flashlight
Gap Gage
GENERAL COMMENTS
>i
Lo
co
IASK
NO.
TASK DESCRIPTION
Install tape on ablator panels
adjacent to gaps.
Mix caulking compound in the
prepackaged catridges. Fill
gaps between ablator panels
with silicone caulking com-
pound. Smooth bead and remove
excess material. Remove
masking tape.
3 Verify cure cycle
4 After cure, inspect caulking
for voids and mismatch
condition•
4A Repair as required•
4B Inspect repaired areas.
Table A-10
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION CAIF_K GAPS (FINAL DISPLAY)
ABLATOR
,HEATSHIELD TYPE
• ATTACH CONCEPT BONDED
• PANELSZE______46_X 5.08 X 955 CENTIMETERS (•18 X 2.0 X 376 INCHES)
3530
iND]VIDUAL TASK TIME
TASK MAN ! MAN MAN MAN I "£PRODUCTIVE
DUR NO. ] NO. 2 NO. 3 NO. 4 TIME IMAN-HR)
/SEC) rSEC) (SEC_ (SEC) (SEC) i A._TUAL ESTi
I
638 638 638 - .355 -
1. O003492 3530 2265 2.580
54
83
213
38
213
!
4
q
I i
54
83
38
I _
f
i
I-
i
J
.015
•023
.059
.011
I i
i i
i J i
!
0.030
0.100
CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
TIME (MAN-HR) DURATION
+CURE TIME
ACTUAL EST
(HR)
.355
2•935 900
2.950 )30
2.973 L30
I
[ 3.032
1
3.043
i
!
I I
i I
I
f
.177
1.158
25•173
25•196
25.255
24.266
TOOLS, EQUIPMENT,
MATERIAL ANDOR
PARTS REQUIRED
Masking Tape
Scissors
Rubber Gloves
RTV 88 Caulking
Compound
Semco Caulking Gun
Air Pressure Source
Air Pressure Regulator
GENERAL COMMENTS
Man No. 1 used caulkin
gun
Man No. 2 followed
caulking nozzle with
putty knife, smoothe_
Putty Knife
Cheesecloth
Flashlight
Feeler Gage
X-Acto Knife
Rubber Gloves
out beads and remove,
tape
Man No, 3 mixed com-
pound in catridges
Cut off local pro-
truding beads
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i
O
IASK
NO.
TASK DESCRIPiION
Clean surface of static test
fittings by wiping with cheese-
cloth dampened with solvent, i
Allow to air dry for 5 minutes, i
Scrub surface of static test
fittings with nylon silicone
carbide abrasive pads and
deionized water.
Rinse cleaned surfaces with i
deionized water. Check for i
water break free surface. I
;
Dry surfaces with cheesecloth.
Check humidity.
Apply a thin film of silicone I
primer to surface of static i
test fittings. Allow primer to I
cure for a minimum of 3 1/2 to i
4 hours at a relative humidity I
of 40 to 70 per cent. j
;
I
F
Inspect primer application and
verify cure cycle.
Clean ablator surface on proces_
control coupons by wiping with !
cheesecloth dampened with !
isopropyl alcohol. Allow to
air dry for 1 hour (min).
Inspect process control coupons
for cleanliness and verify dry-
ing time.
i
i DUR i NO. I
! rSEC_ i ISECi
I
i 151
I
I
!
J
941
I
74
48
32
53
43
57
53
94
151
66
i
I 48
i-
i 53
I
i
i57
l
E
Table A-12
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION STATIC TESTING (FITTING)
• HEAT SHIELD T ,_PE'&B_T__OR_ _(__ CONTROL Coup&N -- .....
°A[]ACH CONCEPT BONDED
• PANELSIZE 15.25 Z 15.24 CENTIMETERS (6 X 6 INCHES)
INDIVIDUAL 1A_K TIr,!E ! CUMULATIVE
I
I _ [ --_ .... ] _ ........ J PRODUCTIVE
rflAN i _,IAN i MAN I ZPRODUCTIVE i_ TIME,MAN HR) I
NO. 2 j NO. 3 i NO. 4 TF_IE ir,qAN HRb
!SECI i iSEC! _SEC_ A-CTUAL EST EST i
r
__ __ i __ .026 .005 .026 I .005I! I
I i [ ' i II i
! I I I
i I I i
i - I - i - i "042 i .068 -
_ i I i !
I ! i
! !
I i ! !i i i i
i I i i
74 ! - ; .039 : .107 -
I
ii- i -!- _I '
i I 32 i ! .0091 i-- I -- ] .129 J -
i I
- j - : - _ .015 - .144 -
I I i
! i !
i :NOTE: I i
i : i
Do no_ prime if relative I humidity exceeds
theseilimit_. Keep primed surface fre_ from
icontaminant's. I I ' /
! t I Ii-,43 I- 1.012- .156,-i ' i !!- ! i- 1.016'_.00_, .1_2.010
I i i _ '
! i ' i
i i
i ' i
- ! 53 - i .015! .006 .187 ! .016 ,
' I I
I i i
: i i ;i ' i I ,
CUMULATIVE t
TASK
DURAT ON
%%.ME
.026
.068
.O89
.i02
I
i .iii
I
I .126
i
1
E
3.888
TOOLS. EQUIPMENT,
MATERIAL AND 'OR
PARTS REQUIRED
3 Fittings
64T020019-2001
Methyl Ethyl Ketone
(_mK)
Cheesecloth
Rubber Gloves
Protective Goggles
or Eyeshields
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Deionized Water
Cheesecloth
Deionized Water
Rubber Gloves
Cheesecloth
Humidity Gage
GE SS 4155 Primer
Rubber Gloves
Paint Brush
Isopropyl Alcohol
Cheesecloth
GENERAL COMMENTS
Table A-12(Continued)
>
I
4_
TASK
NO.
IO
TASK DESCRIPTION
Mix silicone adhesive in the
following ratio: i00 grams of
resin - RTV 560 and 0.3 grams
(30 drops) of catalyst thermo-
lite (T-12). Mix RTV 560 in
its container by hand using a
metal spatula. Mix well for
2 to 3 minutes. Weigh out
required quantity of RTV-560
for bonding operation. Use
clean, degreased container.
Measure the required amount of
catalyst over the surface of
the RTV-560 in accordance with
the indicated ratio. Gently
blend the catalyst into the
RTV-560 by hand with metal
spatula only. Continue mixing
for a minimum of 5 minutes.
Scrape side of container inter-
mittenly to assure no catalyst
has m/grated to walls of
container.
ii Using a clean, degreased, and
dry stiff brush apply approxi-
mately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to process
control coupons.
12 Using a stiff brush, apply
approximately 0.038 to 0.051 cm
(0.015 to 0.020 in) of
catalyzed RTV 560 to surface
of static test fittings.
13 Inspect adhesive on process
control coupons and static test
fittings for proper application_
MAINTENANCE TASK SCHEDULE
® TASK FUNCTION STATIC TESTING (FITTING)
. MEAT SHIELD TYPE ABLATOR PROCESS CONTROL COUPON
• ATTACH CONCEPT BONDED
• PANELS_Z£ 15.24 X 15.24 CENTIMETERS (6 X 6 INCHES)
INDIVIDUAL TASK TIME CUMULATIVE
CUMULATIVE
PRODUCTIVE TASKI
TASK MAN MAN MAN MAN I Z PRODUCTIVE TIME (MAN-HR) DURATION
DUR NO. ] NO. 2 NO. S NO. 4 TIME (MAN-HR)
+CURE TIME
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL EST ACTUAL EST (HR)
702 - 694 702 .387 .500 .574 .516 -
69 69 .019 .006 .593 .522 3.907
65 65 - .018 .006 .611 .528 3.925
28 - 28 .008 .013 .619 .541 3.933
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
RTV 560 Adhesive
T-12 Catalyst
Metal Spatula
Gram Scale (Balance)
Rubber Gloves
Mixing Container
RTV 560 Adhesive
Stiff Paint Brush
Rubber Gloves
3 Static Test Fittings
64T020019-2001
GENERAL COMMENTS
>I
FO
Table A-12(Continued)
TASK TASK DESCRIPTION TASK
NO. DUR
(SEC)
17
18
14 Position and align the static 129
test fittings on the process co1_-
trol coupons. Add pressure blo,:k,
pressure plate, and weights to
apply 13.8 to 34.6 kN/m 2 (2 to
5 PSI) for 24 hours.
15 Check pressure setup and verify 58
cure cycle.
16 Remove weights, pressure plate, 54
and pressure block from process
control coupon.
Inspect tool setup for machin- 35
ing plugs in the process contro
coupons.
Machine a 4.75 cm (1.87 in) dia-
meter plug in each process con-
trol coupon.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION STATIC TESTING (FITTTNC_
• HEAT SHIELD TYPE ___B___ F_P_OUPON
• ATTACH CONCEPT __ I)O_NDY_,,J)_
• PANELSiZE ..... i_5_.24 X 1_24 _CR._._ERS (6)C 6 TNCNER_
19 After clamping process control
coupons to work bench, apply a
tension load to each static tes
fitting. Uniformly increase
the load until failure. Record
max load applied and describe
type of failure and damage.
197
INDIVIDUAL TASK TIME I CUMULATIVE CUMULATIVE
1 i PR°DUCTIVE TASK
MAN MAN MAN MAN I _PRODUCTIVE TIME(MAN-HR)
NO. i N0.2 i NO 3 N0.4 TIME (MAN-HR) , DURATION
ISEC) (SEC) I (SEC) (SEC) ACTUAL EST ACTUAL EST +CURE(HR)TIME
I
129 - .036 .050 .655 .591 3.969
54
239
Exer(
pane.
197
- 35
- 239
58 .016 .017
- .015 .013
.010
.133
.017
.175
i NOTE:
ise cLre no; to t_uch or nick
with core utterJ Chec_ for
- .055 .025
.671 .608
.686 .621
.696 .638
.829 .813
luminum
luminum
.884
support
filings
.838
27.985
28. O_
28.010
28.076
28.131
TOOLS, EQUIPMENT,
MATERIALAND_OR
PARTS REQUIRED
Styro Foam
Pressure Blocks
Pressure Plates
Weights
Core Cutter
Cotton Gloves
Spring Scale
C Clamps
GENERAL COI_ENTS
!Man No. i machined
the plugs
iMan No. 3 verified
depth of cut
Two Coupons without
strain isolator with-
stood 35.4 kg (80 Ib]
tension load
One Coupon with strain
isolator failed at
31.8 kg (70 ib)
Table A-13
>
I
4_
co
TASK
NO.
TASK DESCRIPTION
Clean surface of static test
fittings by wiping with cheese
cloth dampened with solvent•
Allow to air dry for 5 minutes.
Scrub surface of static test
fittings with nylon silicone
carbide abrasive pads and
delonlzed water.
TASK MAN
DUR NO.]
(SEC) (SEC)
116 116
Rinse cleaned surface with
delonlzed water. Check for
water break free surface.
133 133
Dry surface with cheesecloth.
Check humidity
Apply a thin film of silicone
primer to surface of static
test fittings. Allow primer
to cure for a minimum of 3 1/2
to 4 hours at a relative humldi
of 40 to 70 per cent.
7 Inspect primer application and 42
verify cure cycle.
8 Select and mark areas on 37
installed ablator panels were
static test fittings are to
be located.
89 77
42 42
43 -
55 55
9 Inspect tool setup for machln- 25
ing plugs in the ablator panels
37
MAINTENANCETASKSCHEDULE
• TASK FUNCTION STATIC TESTING (FITTING_
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
,PANELSIZE 55.1 X 141.4 CENTIMETER,q (21.70 X 5_.&_ TNCHES)
55.1 X 70.5 CENTIMETERS (21.70 _ 27.7_ INCHES)
INDIVIDUAL TASK TiME CUMULATIVE CUMULATIVE
PRODUCTIVE TASK
MAN MAN MAN Z PRODUCTIVE TIME (MAN-HR) DURATION
NO. 2 NO. 3 NO. 4 TIME (MAN-HR)
+CURE TIME
(SEC) (SEC) (SEC) ACTUAL EST
ACTUAL EST (HR)
.032 .007 .032 .007 .032
.037
89 .046
.069
.i15
- .012 - •127
43 •012 - •139
- •015 - .154
Do no
limit
NOTE:
prim if r_lativ_Jhumid:ity exce_
• Ke_p prlz_ed suz _ace f:iee from
42 - .012 - .166
.010 - .176
.007 - .183
ds thes_
contami*ants.
- 3.895
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Methyl Ethyl Ketone
(NEE)
Cheesecloth
Rubber Gloves
4 Fittings
64T020019-2001
.069 Protective Goggles
or Eyeshlelds
Rubber Gloves
Bear-Tex Abrasive Pads
Cheesecloth
Delonized Water
.094 Cheesecloth
Delonized Water
Rubber Gloves
.106 Cheesecloth
.118 Humidity Gage
.133 GE SS 4155 Primer
Rubber Gloves
Paint Brush
GENERAL COI'f/_ENTS
Table A-13(Continued)
>
I
TASK DESCRIPTION
Machine 4.75 cm (1.87 in) dia-
meter plug in each
ablator panel.
Clean ablator surface of plugs
by wiping with cheese-
cloth dampened with isopropyl
alcohol. Allow to air dry for
1 hour (min).
Inspect plugs for
cleanliness and verify drying
time.
Mix silicone adhesive in the
following ratio:
100 grams of resin - RTV-560
and 0.3 grams (30 drops) of
catalyst thermolite (T-12).
Mix RTV-560 in its container
by hand, using a metal spatula.
Mix well for 2 to 3 minutes.
Weigh out required quantity of
RTV-560 for bonding operation.
Use clean, degreased con-
tainer. Measure the required
amount of catalyst over the
surface of the RTV-560 in
accordance with the indicated
ratio. Gently blend the cat-
alyst into the RTV-560 by hand
with metal spatula only. Con-
tinue mixing for minimum of 5
minutes. Scrape side of
container intermittently to
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION STATIC TESTING (FITTING)
• HEAT SHIELD TYPE _LA__ .....
• ATTACH CONCEPT __ BO_ .......
. PANEL SIZE __ 55.1 _ 14I.i. CEN__ (21.70 x 55.66 TNCHES)
55.1 X 70.5 CENTIMETERS 27 74 INCHES
INDIVIDUAL TASK TIME
PRODUCTIVE
TIME (MAN-HRt
63
59
664 644
59
664
.007
.016 .006
.363 .500
.372
.388
.751
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Core Cutter
Vacuum
Protective Goggles
or Eyeshields
Respirators
Cotton Gloves
Isopropyl alcohol
Cheesecloth
RTV-560 Adhesive
T-12 Catalyst
Metal Spatula
Gram Scale (Balance)
Rubber Gloves
Mixing Container
GENERAL COMMENTS
Man No. i machined
the plugs
Man No. 2 used vacuum
Man No. 3 verified
depth of cut
Table A-13(Continued)
>
I
(.n
TASK TASK DESCRIPTION
NO.
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION STATIC TESTING (FITTING_
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETERS (21.70 X 55.66 INCHES)
13 assure no catalyst has migrated
:ont. to walls of container.
14 Using a clean, degreased, and
dry stiff brush, apply approxi-
mately 0.051 to 0.076 cm
(0.020 to 0.030 in) of
catalyzed RTV 560 to the plugs.
Insert coll of
release cloth in cored holes.
15 Using a stiff brush, apply
approximately 0.051 to 0.076 cm
(0.020 to 0.030 in) of
Catalyzed _ 560 to surface of
4 static test fittings.
16 Inspect adhesive on plugs
and static test fittings for
proper application.
17 Position the support stand.
Position and align the static
test fittings (4) and the
pressure plates under the
plugs.
18 Check pressure support set up
and verify cure cycle.
19 Remove pressure plates, support
stands and release cloth.
20 Using a spring scale, load each
fitting to a predetermined load
Record the actual load applied.
i lf bond failure occurred, or
any damage to ablator or alumi-
num support panel.
21 Using a sharp bladed knife,
remove static test fittings fro_
surface of the ablator panels
by cutting into the adhesive
between the fitting and the
panels. I
TASK MAN
DUR NO.]
(SEC) (SEC)
273
103
i
59
242
85
117
135
103
242
73
117
55.1 X 70.5 CENTIMETERS (21.70 X 27.74 INCHES)
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
I PRODUCTIVE TASK TOOLS, EQUIPMENT,
MAN MAN MAN Z PRODUCTIVE TIME (MAN-HR) DURATION MATERIAL AND/OR
NO. 2 NO. 3 NO. 4 TIME (MAN-HR) +CURE TIME PARTS REQUIRED
ACTUAL EST
SEC) (SEC) (SEC) ACTUAL EST (HR)
.076 .008 .827 .761 3.971
- .038 .008
RTV-560 Adhesive
Paint Brush
Rubber Gloves
Release Cloth
103
.865 .769 4.009 4 Static Test Fittings
64T020019-2001
225
48 - .013 .017 .878 .786 4.022
.057 .400 .935 1.186 4.051 Support Stand
Pressure PlatesI
.016 .050
.130 .150
.044 .033
.067.033
•951 1.236 28.067
1.081 1.386 28.134
1.125 1.419 28.159
1.158 1.486 28.191
59 -
85 - Spring Scale
Sharp Bladed Putty
Knife
GENERAL COMMENTS
No failures occurred
while applying a
load of 24.9 kg
(55 ib) to each
fitting
Removed 3 fittings only
3>
I
c_,
TASK TASK OESCRFPTION
NO.
22 Inspect plugs for damage.
23
24
25
26
Table A-13(Continued)
MAINTENANCE TASK SCHEDULE
STATIC TESTING (FITTING)
• TASK FUNCTION
• HEAT SHIELD TYPE ABALATOR
• ATTACH CONCEPT BONDED
• PANELSIZE 55.1 X 141.4 CENTIMETER (21.70 X 55.66 INCHES)
55.1 X 70.5 CENTIMETERS <21.70 X 27.74 INCHES_
27
Using a sharp knife, cut away
the damage ablator material.
Vacuum loose ablator particles.
Wipe repair areas with cheese-
cloth dampened with isopropyl
alcohol. Allow to air dry for
I hour (min).
Inspect repair areas for
cleanliness and verify drying
time.
Mix Sylgard 184 (plus curing
agent) silicone resin, i0
parts by weight sylgard 184 and
i part curing agent.
Mix ablative repair material,
60 parts by weight BJ0930
microballoons and 40 parts of
mixed Sylgard 184.
TASK MAN
DUR NO. 1
(SEC) (SEC)
32
183 183
51 51
58
375
(809) -
Altho_gh th
the t.me wa
mater _al wo
until requi
INDIVIDUAL TASK TIME
----7-- --F -- -
MAN MAN MAN
N0.2 NO. 3 NO. 4
(SEC) I (SEC) ISEC)
32 -
if damage occurred
!ollowLng re_air
183
58
375 375
I
(809) (809) -
time requi
not _mtere
Jld no _ally
ed.
t
_CPRODUCTIVE
TIME (MAN HR)
iACTUAL EST
.009 .017
NOTE:
proceed with
p_oceduze.
.102 .133
.014 .033
I
.016 .017
1
I .208 .139
[.449) (.489)
NOTE:
_ed to mix th_ ablat
in tie cumulative
be pr mixed and ke_
I
!
i CUMULATIVE
t PRODUCTIVE
TINE(NAN-HRI
ACTUAL EST
1.167 1.503 28.200
the
1.269 1.636 28.251
r
1.283 1.669 28.265
1.299 1.686 29.281
1.507 ! 1.825
r
or mate ial waslrecorde
columns because this
t underlrefrigeiation
I
I
! i
CUMULATIVE
TASK
DURATION
+CURE TIME
(HR)
TOOLS, EQUIPMENT,
MATERIAL AND, OR
PARTS REQUIRED
Sharp Bladed Knife
Vacuum
Isopropyl Alcohol
Cheesecloth
Sylgard 184
Silicone Resin
Mixing Jar
Spatula
Gram Scale
BJ0930 Micro Balloons
Mixed Sylgard 184
Mixing Jar
Wood Spatula
Gram Scale
GENERAL COMMENTS
Removed two of three
areas. The third
damaged area was
left, as is, for
observation.
Tabl e A-13(Conti nued)
>
I
TASK
NO.
28
29
30
31
32
33
MAINTENANCE TASK SCHEDULE
• TASK FUNCTION STATIC TESTING (FITTING)
• HEAT SHIELD TYPE ABLATOR
• ATTACH CONCEPT BONDED
• PANEL SiZE 55 .i X 141.4 CENTIMETERS
55.1 X 70.5 CENTIMETERS
(21.70 X 55.66 INCHES)
(21.70 X 27.74 INCHES)
TASK DESCRIPTION
Prime repair area with 2 to 5
MILS of mixed Sylgard 184.
Sylgard 184 can be used for
priming to 1 hour after mixing.
Inspect primer area and record
time.
Within iO minutes after priming
trowel and compact ablator
repair material into the repair
holes. Ablator repair material
can be used up to 2 hours after
mixing.
Inspect repair and verify cure
cycle.
After repair material has cured
remove excess material by
sanding with abrasive cloth.
Vacuum loose ablator particles.
INDIVIDUAL TASK TIME CUMULATIVE CUMULATIVE
PRODUCTIVE
TASK
TASK MAN MAN MAN MAN Z PRODUCTIVE TIME (MAN-HR) DURATION
OUR NO. ] NO. 2 NO. 3 NO. 4 TIME (MAN-HR) +CURE TIE
ACTUAL EST
(SEC) (SEC) (SEC) (SEC) (SEC) ACTUAL EST (HR)
73 73 - .020 .033 1.527 1.858 29.301
41 - - 41
148 148
55
42 42
.011 .017 1.538 1.875 29.312
.041 .167 1.579 2.042 29.353
55 - .015 .017 1.594 2.059 37.368
42 - .023 .167 1.617 2.226 37.381
Inspect repair areas for
smoothness.
29 - - 29 - .008 .033 1.625 2.234 37.389
TOOLS, EQUIPMENT,
MATERIAL AND/OR
PARTS REQUIRED
Mixed Sylgard 184
Paint Brush
Putty Knife
Protective Goggles
or Eyeshields
Respirators
Vacuum
Cotton Gloves
Abrasive Cloth
GENERAL COfmlENT$
Man No. I sanded the
repaired areas
Man No. 2 used vacuum

APPENDIX B
TOOLS, EQUIPMENT, AND MATERIALS
The tools, equipment and materials used to fabricate the direct bond
attach ablator panel assemblies are listed in tables B-I and B-2, respectively.
TABLE B-I
TOOLS AND EQUIPMENT
o AIR CIRCULATING OVENS
o THERMO COUPLES
o THERMOMETERS
o TEMPERATURE RECORDER
o MANOMETERS (HG)
o VACUUM PUMPS
o VACUUM PLATES
o ALUMINUM MOLDS (EDGE MEMBERS
o ALUMINIZED MYLAR TAPE
o BAND SAW
o PNEUMATIC DRILLS
o DRILL AND EDGE TEMPLATES
o HEAT LAMPS
o VACUUM LEAK DETECTOR
o PRIMING PLAN (WITH DRAIN VALVE)
o HOBART MIXER, MODEL V-1401
o TROWELS (WOOD ORMETAL)
o TAMPER (METAL)
o METAL TUBE ROLLERS
o PUTTY KNIVES
o BRISTLE BRUSHES
o VISE GRIPS (LOCK-TYPE PLIERS)
o GRAM BALANCE
o POUND BALANCE
TYPE
TABLE B-2
MATERIALS
o STRUCTURAL HONEYCOMB CORE, HEXAGON CELL,
HRP-3/8-GFII-2.2,
o MYLAR FILM, TYPE A
o MOLDRELEASE, FLUOROCARBON DISPERSION,
CAMIE i000
o BLEEDER/RELEASE CLOTH, PINK
SILICONE FINISH IB-301-F54
o BLEEDER(BREATHER) CLOTH, GLASS,
STYLE 162
o EXTRUDED SEALING TAPE,
PRESTITE NO. 582 OR 587.3
o PHENOLIC MICROBALLOONS GRADE BJ0-0930
o SILICONE RESIN (WITH CURING AGENT)
SYLGARD 182 AND 184
o PHENOLIC RESIN PRIMER (RESINOX SC 1008)
o EPON 828 POTTING COMPOUND
o METHYL-ETHYL-KETONE (MEK)
o ISOPROPYL ALCOHOL
o POLYETHYLENE BAGS
SOURCE
HEXCEL PROD. INC.
E.I. DUPONT DE NEMOURS
CAMIE CORP.
COAST MFG. CO.
HEXCEL CORP.
VOLAN FINISH; UNIGLASS IND.
INTERCHEMICAL CORP.
UNION CARBIDE CORP.
DON CORNING CORP.
MONSANTO CORP.
SHELL CORP.
FEDERAL SPECIFICATION TT-M-261
COMMERCIAL GRADE
OPEN STOCK
8-]

